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FOREWORD 


The work reported herein was sponsored by Marshall 
Space Flight Center (MSFC) , National Aeronautics and Space 
Administration (NASA) . The results of tests were obtained 
by ARO, Inc. (a subsidiary of Sverdrup & Parcel and Associates, 
Inc.), contract operator of the Arnold Engineering Development 
Center (AEDC) , Air Force Systems Command (AFSC) , Arnold Air 
Force Station, Tennessee. 

An extensive experimental investigation was conducted 
at various wind tunnels of the von Karman Gas Dynamics 
Facility (VKF) , AEDC, on various space shuttle configurations 
for various Mach numbers over a large Reynolds number range . 
This report contains heat transfer results for two delta wing 
configurations submitted by Langley Research Center and tested 
in the VKF, Hypervelocity Wind Tunnel F. An additional 
SADSAC report is available from the VKF-Tunnel F facility 
which documents test results from the McDonnell Douglas 
delta wing orbiter . 
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ABSTRACT 


Heat transfer tests for two delta wing configurations 
furnished by Langley Research Center were conducted at the 
Arnold Engineering Development Center (AEDC) , von Karman Gas 
Dynamics Facility (VKF) , in the Hypervelocity Wind Tunnel F. 
The 24-inch long models were tested at a Mach number of 
approximately 10.5 and at angles of attack of 20, 40, and 60 
degrees over a length Reynolds number range from 5 x 10® to 
23 x 10® on May 4-June 4, 1971. Heat transfer results were 
obtained from model surface heat gage measurements and 
thermographic phosphor paint . 
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NOMENCLATURE 


ALPHA 

C(jQ 

H 

HO 

HREF or H ref 
H w 

£ or L 

M-INF, MACH, 
or M m 

P 

P-INF or p M 

PO 

POP 

Q-INF 
Q or q 
Q° or q ref 

r n 

RE/ FT or 
Rejft . 

RE/L, RE-L, 
or Re^ 

RHO-INF 

STO 

TIME or T 


Model angle of attack, deg. 

Form of Chapman-Rubesin viscosity coefficient, 

J < T „ /T w> 

Model heat transfer coefficient, Q/(TO-T w ), 
Btu/f t 2 -sec-°R 

Stagnation enthalpy, Btu/Lbm 

Reference heat transfer coefficient, 

QO/(TO-T w ), Btu/ft 2 -sec-°R 

Enthalpy at model wall temperature (T w ) , 

Btu/Lbm 

Axial length of model, 24.0 in. (See Figure 3) 
Free-stream Mach number 

Pressure, psia 
Free-stream pressure, psia 
Reservoir pressure, psia 

Pitot pressure measured at the test section, 
psia 

Free-stream dynamic pressure, psia 

Model heat transfer rate, Btu/f t 2 -sec. 

Stagnation heat transfer rate based on a 
hemisphere radius of 0.675 in., Btu/ft 2 -sec. 

Model profile nose radius, 0.675 in. 

Reynolds number based on free stream conditions 
and a 1-foot length. 

Reynolds number based on free-stream conditions 
and model length (24.0 in.) 

Free-stream density, Lbm/ft*^ 

Stagnation Stanton number, QO/ (RHO-INF) (U-INF) 
(HO-HW) 

Test section time, milliseconds 
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T-INF or T m 

TO 

T w 

U-INF 

V-INF 

x or X 

y or Y 

Vrnax or YMAX 
a 

M- w 


Free-stream temperature, °R 
Reservoir temperature, °R 
Temperature at model wall, ~540°R 
Free-stream velocity, ft/sec. 


1/2 


Hypersonic viscous parameter, M^CC^) / 
1/2 


Axial distance from the model nose, positive 
downstream, in. (See Figure 3) 

Lateral distance from the vertical centerline 
positive out right, in. (See Figure 3) 

Local semi-span at a given model station, in. 
(See Figure 3) 

Angle of attack, degrees 

Gas viscosity at model wall 

Gas viscosity in free-stream 
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I. INTRODUCTION 


Heat transfer tests of two delta wing configurations 
supplied by Langley Research Center were sponsored by the 
Marshall Space Flight Center (MSFC) at Arnold Engineering 
Development Center (AEDC) . Two, 24.0-inch long models were 
tested in Tunnel F at the AEDC-von Karman Gas Dynamics 
Facility (VKF) during the time period from May 4 to June 4, 
1971. Heat transfer results were obtained from detailed 
instrumentation measurements and a thermographic phosphor 
paint technique. Limited pressure measurements were obtained 
during the tunnel entry. Data were obtained at a Mach number 
of approximately 10.5 over a Reynolds number range from 
5.0 x 10® to 23.0 x 10® based on model length. The model 
was tested at angles of attack of 20, 40, and 60 degrees 
with limited phosphor paint results on the bottom surface 
for selected runs . The purpose of this test was to obtain 
heat-transfer distributions along the windward centerline at 
flight Reynolds numbers and to investigate the onset of 
transition zone over a large Reynolds number range. 
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II . APPARATUS 


2.1 Wind Tunnel . 

The Hypervelocity Wind Tunnel F (Figure 1) is an electric- 
arc-heated impulse hypersonic wind tunnel of the hotshot type 
developed at AEDC . The test gas, nitrogen or air, is initially 
confined in an arc chamber by a diaphragm located near the 
throat of a convergent-divergent nozzle . For the present 
tests, nitrogen was used as the test gas. The gas is heated 
and compressed by an electric arc discharge resulting in 
rupture of the diaphragm and subsequent expansion through a 
4-degree half-angle conical nozzle to a maximum diameter of 
108 inches . Testing is possible at either the maximum diameter 
for Mach numbers from 13 to 22 or at the 54-inch diameter 
station for Mach numbers from 10 to 17. Useful run times 
between 50 and 200 msec, are obtained. The present tests were 
conducted at the 54-inch diameter station with a useful run 
time of approximately 100 msec, utilizing the 4-cubic-foot 
arc chamber . 

2.2 Model . 

A photograph of the windward surface of the Langley delta 
wing model (LRC-DB) is shown in Figure 2 . The LRC-DB and 
LRC-SB configurations were instrumented identically along the 
windward centerline, as shown in Figure 3. A complete layout 
of the instrumentation and model details is shown in Figure 3 
for both Langley configurations. The models were designed and 
fabricated at Langley Research Center, Hampton, Virginia, from 
No. 416 stainless steel. A thin sheet metal cover was attached 
to the top surface to protect instrumentation leads and to 
streamline the flow in the sting region. The cover may be seen 
in the Schlieren photograph presented in Figure 4 . The model 
dimensions corresponding to the instrumentation locations are 
tabulated in Table I. The SADSAC NO. tabulated in Table I 
corresponds to the gage location on magnetic tape. 
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2.3 Instrumentation. 


Model heat transfer rates were measured with slug calori- 
meters and coaxial surface thermocouples . The slug calorimeters 
have a thin-film platinum resistance thermometer to sense the 
temperature of an aluminum disk which is exposed to the heat 
flux to be measured. The calorimeters are optimized to 
measure a given range of heat transfer by appropriate selection 
of the aluminum disk thickness . The coaxial surface thermo- 
couple is comprised of an electrically insulated chromel wire 
enclosed in a constantan cylindrical jacket . A thin film 
junction is made between the chromel and constantan at the 
surface. In practical measurement applications, the surface 
thermocouple behaves as a homogeneous, one-dimensional, semi- 
infinite solid. The instrument provides an electromotive 
force (E.M.F.) directly proportional to surface temperature 
which may be related by theory to the incident heat flux. All 
heat-transfer gages were bench calibrated prior to their instal- 
lation into the model. The precision of these calibrations is 
estimated to be ±3 percent . Post test calibrations were made 
for the majority of gages with calibration repeatability 
being within ±3 percent . 

To monitor the tunnel conditions, two 1.0-inch diameter 
hemisphere cylinders instrumented with slug calorimeters were 
installed in the test section at an appropriate distance from 
the model to eliminate shock interference . A pitot probe was 
located near each hemisphere cylinder to measure the normal 
shock stagnation pressure. The reservoir pressure and pitot 
pressures were measured with strain-gage type transducers 
developed at the AEDC-VKF . Detailed information concerning 
the heat-transfer and pressure instrumentation can be found in 
Reference 1 . 

Model flow-field Schlieren photographs were obtained 
during the test . A typical photograph is shown in Figure 4 
with the LRC-DB model at 40-degree angle of attack. 


3 



2 A Phosphor Paint Requirements . 

The following is a discussion of the equipment used to 
obtain the thermographic phosphor paint data. Although 
meaningful paint results could only be obtained on the lower 
surface, the complete paint coverage was set-up and require- 
ments were initiated during the Langley model test . This was 
done to ensure proper functioning components during the 
McDonnell-Douglas orbiter paint tests which were to follow. 
Consequently, all descriptions relating to the phosphor paint 
coverage are based on full utilization of the viewing areas. 

2 .4 .1 Ultraviolet Light Sources . 

The ultraviolet light needed to excite the phospho- 
rescence of the paint was generated by an Osram Xenon gas bulb 
XBO 1600w powered by an Ingersoll Product d .c . supply. 

Three units were used for these tests . Each unit had a 
heat-absorbing glass and filter to eliminate all but the 
3650 A (black light) wave length light. 

2 .4 .2 Camera . 

Four view-cameras with 4- x 5-inch Polaroid backs were 
used to record the pictures: two with 145mm lens were located 
on the side of the tunnel and two with 163mm lens were on the 
bottom. Each camera had a set of filters to pass only the 
5000 to 6000 A light emitted by the paint . Type 57 Polaroid 
(ASA 3000) film was used to record the image. 

2 .4 .3 Microdensitometer . 

The optical density distributions of the pictures were 

R 

read and recorded on a magnetic tape by a P - 1000 Photoscan 
manufactured by Optronics International. The Photoscan is 
owned by the Biology Division of Oak Ridge National Laboratory. 

The data on the magnetic tapes were input to the VKF 
CDC 1604B computer which was used to create contour mappings 
of heat-transfer rate . 
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III. PROCEDURES 


3.1 Test Techniques . 

3.1.1 Model Installation . 

The Langley models were tested at angles of attack of 
20, 40, and 60 degrees. Two tunnel runs were required to 
provide a continuous Reynolds number variation from 23 x 10® 
to 5 x 10®, based on model length at a fixed angle of attack. 

The painted surface areas are summarized in Table II . 

The sector angle range at the 54-inch diameter test 
section is ±20 degrees. Consequently, a prebend was required for 
the high angles of attack. In addition, the model sting had an 
effective 20-degree insert angle. The two sting arrangements 
used for these tests are illustrated in Figures 5 and 6. For 
angles of attack up to and including 40 degrees, the sting 
arrangement illustrated in Figure 5 was used . For angles of 
attack equal to and greater than 40 degrees, the installation 
shown in Figure 6 was used. Both sting installations were used 
at 40-degree angle of attack . 

3.1.2 Testing with Phosphor Paint . 

The test section set-up is shown in Figure 9. The 
locations of the Osram u-v light sources and still cameras are 
depicted . It was necessary to locate the two side cameras at 
the downstream end of the Schlieren windows to allow Schlieren 
optical coverage. The Osram light on the top of the tunnel 
had to be reflected onto the model because of the limited 
space between the tunnel and an overhead I-beam support for 
the Schlieren system. 

The phosphorescent paint technique consists of photo- 
graphing the painted model surface and measuring the optical 
density of the recorded image. The optical density of a 
photographic image is a function of the logarithm of the 
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intensity of the exposure, for a given exposure time (Ref. 2), 
as illustrated by the figure below. 



Thus, if the exposure from the phosphorescent paint falls 
within the linear region (i.e., logarithmically linear region), 
the optical density (D) is given by 

D = AinB + C 

From the paint characteristics 

inB = in fid) + f 2 (I, T w ) ; 

therefore , 

D = Ain fi(I) + Af 2 (l, T w ) + C 

where I is the u-v light intensity, B is the emitted light 
intensity (brightness) of the paint, and A and C are constants. 
For small changes in intensity (I) , the functional relation 
f 2 is given by 


f 2 (I, T w ) cc T w 

When using the phosphorescent technique in the wind tunnel, 
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the procedure is to take a photograph of the model before the 
tunnel run (i.e., a tare) and then to take another picture 
during the run. It is necessary that both pictures be taken 
in the "linear" region of the optical density curve. When 
the optical density of the tare photograph is subtracted from 
the optical density of the run photograph, 

D - « (T w - T w ^) 

where the subscript i indicates the initial conditions, i.e., 
the tare photograph taken before the run. 

It can be shown that the quantity (T w - T w ^) is proportional 
to the heat-transfer rate to the model surface, for T w « T aw , 
and relatively short heating times (<^ 1 sec.), regardless of 
whether the "heat-transfer model" assumed for the technique 
is a semi-infinite slab (either a relatively thick layer of 
paint, or a thin layer of paint mounted on a thick layer of 
material) or an infinite plate. This, of course, means that 
the optical density difference, D-D^, is then proportional 
to the model heat-transfer rate. 

D - Dj^ = AD « q 

The best way of evaluating the constant of proportionality 
is to measure a few heat-transfer rates with standard heat- 
transfer instrumentation at the same time the paint data are 
taken. Heat-transfer rate as determined from gages gives a 
calibration for the paiht , so the paint data yield the detailed 
heat-transfer rate distribution over the model. 

3 .1 .2 .1 Wall Material 

The phosphor paint is applied as a thin coating to the 
model; therefore, the model wall material must be selected to 
give an observable temperature rise for the expected heat- 
transfer rate. The wall material selection, many times, is 
based on other things such as strength; hence, when the model 
material is not suitable to the paint technique, coatings are 
applied to produce the proper surface properties. 
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3.1.2 .2 Phosphor Application . 


The phosphor paint is a mixture of the phosphor material 
and a binder. The phosphor material is a fine grain powder 
lOp, average size) of ZCdS (zinc-cadium-sulf ate) with silver 
and nickel additives whose concentration control the temper- 
ature range of the phosphorescence. The binder can be any 
transparent or translucent liquid which can be sprayed . 

Normally, clear dope or epoxy is used. 

3 .2 Test Conditions . 

A summary of the test conditions is given in Table II . 

A complete tabulation of all pertinent tunnel conditions is 
given in the Appendixes. In summary, the tests were conducted 
at an approximate Mach number of 10.5 over a Reynolds number 
range from 5 x 10® to 23 x 10® based on model length. 

3.3 Data Reduction . 

3.3.1 Model Instrumentation and Tunnel Conditions . 

A complete description of the data reduction equations 
for the heat-transfer and pressure transducers is given in 
Reference 1. The method of determining flow conditions is 
briefly summarized as follows: instantaneous values of PO and 

POP are measured and an instantaneous value of QO is inferred 
from a direct measurement of a shoulder heat rate on a 1.0-inch 
diameter hemisphere cylinder heat probe. Velocity, hence 
enthalpy (HO) , is calculated from measured values of POP, QO, 
and the heat probe radius, using Fay-Riddel 1 theory, Reference 3. 
With values of PO, POP, and HO known, the remaining flow con- 
ditions (M (JO , Re ix /ft., etc.) are calculated as described in 
References 4 and 5. The HREF (heat transfer coefficient) value 
reported herein is based on the inferred QO value as described 
above. Since the Fay-Riddell equation is used to calculate HO 
with a known value of QO, the value of HREF tabulated herein 
is consistent with a Fay-Riddell value for the given test 
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conditions. For the short run tiroes experienced in a hotshot 
tunnel, the model wall temperature ratio (T w /TO) varied 
between 0.15 and 0.30, which approximates the condition of 
practical interest of reentry vehicles. 

3 .3 .2 Thermographic Phosphor Paint . 

The optical density distributions on the tare and run 
pictures are read and recorded by the scanning microdensitometer . 
The tare density is subtracted from the run density on the 
VKF-CDC 1604B digital computer, and the density differences 
are plotted on a CRT plotter, one density difference per plot. 
Each plot (i.e., density difference) is assigned a color and 
copied by hand in that color so that a color composite of all 
the plots is made. The boundaries of the colors are retraced, 
and the reference heat gages and model outline are located on 
this tracing. 

The heat gage measurements and the optical density 
differences are plotted to obtain a relationship between the 
two. The relationship gives the heat-transfer values corre- 
sponding to the color regions . These values are noted on the 
color tracing, thereby resulting in a contour mapping of the 
heat-transfer rates on the model . 

The model image is distorted by the viewing angle of the 
camera. This distorted view is reflected in the final contour 
mapping presented in Appendix III. However, all plots from the 
paint results are in a true normal projection, since the heat 
transfer gage locations were used to scale the centerline and 
span results that are plotted herein. 
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IV. DATA PRESENTATION 


The following data presentation is presented in the 
Appendixes : 

I. Tabulation of Gage Measurements and Tunnel 
Conditions 

II . Selected Windward Surface Centerline Plots 
of Gage Measurement Results 

III. Selected Plots of Heat-Transfer Results 
Using the Phosphor Paint Technique 

Table III, Page 21-A, is a summary of the plotted data presented 
in this document. 
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Fig. 1 AEDC-VKF Tunnel F Plant 


AIR FORCE PHOTO- AI DC Rot cleared for public release without 

OPERATING CONTRACTOR prior written Approval of tho responsible 
JO A.F. STATION TENN. Air Tore* Office of Information. 



13 


Fig. 2 Photograph of the Langley Delta Wing Model (LRC-DB) 
Windward Surface. 







b. LRC-SB Model, Configuration 10 
Fig. 3 Concluded 
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Fig. 4 Schlieren Photograph of the Langley Model (LRC-DB) 
in Tunnel F at 40 deg Angle of Attack. 
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Fig. 7 Equipment Set-Up for the Phosphor Paint Technique 
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TABLE II 


TEST SUMMARY FOR THE TUNNEL F LANGLEY MODELS 


Model 

LRC-DB 


LRC-SB 


Phosphor 


a, Deg . 

Run 

'V Mqq 

~ Reoo , 

J 

Paint Area 

20.0 

3631 

10 .4 

7-13 

X 

10 6 

2 

! 

20.0 

3632 

10.5 

7-21 

X 

10 6 

1 

20.0 

3633 

10 .4 

7-15 

X 

10 6 

c 

\ 

40 .2 

3634 

10 .4 

6-14 

X 

106 

2 

i 

40.5 

3635 

10.4 

5-22 

X 

10 6 

1 

61.0 

3636 

10 .8 

9-22 

X 

10 ® 

1 

60.2 

3637 

10.4 

5-9 

X 

10 6 

] 


61.0 

3638 

10.6 

9 

X 

10 6 

r 

w 

1 

60 .5 

3639 

10 .6 

10-20 

X 

10 6 

2 

» 

* 

20 .2 

3646 

10 .6 

10-18 

X 

10 6 

2 

) 

i 

20.2 

3647 

10 .3 

6-18 

X 

10 6 



40.2 

3641 

10.7 

7-16 

X 

10 6 



40.2 

3645 

10.6 

11-23 

X 

10 6 



60.2 

3642 

10 .6 

5-10 

X 

10 6 



60.2 

3648 

10.6 

10-20 

X 

10 6 



60.5 

3649 

10 .5 

6-17 

X 

10 6 




Phosphor Paint Legend : 

1 - Aft patches off centerline 

2 - Entire lower surface 

3 - Non-instrumented half 
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No 
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No 

Yes 

No 
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( 






112 

.26 147 

•2b J5£ 

.24625 

.23324 

.27367 

.27757 

.34258 .25045 









120 

.26132 

• 242 Vd 

.23201 

.22103 

.26402 

.26920 

.32670 .22522 









128 

“ .2S019 

.24/13 

•21628 

.22336 

.25772 

# 26l)4H 

,204 7 / .1 7177 










ARNOLD AF5. TtNN* 31389 

von karman gas dynamics facility 
HYPERSONIC HOTSHOT TUnNCL F 

*UN 3633 NASA-STS TEST 

LPc-oe 


JEST CONDITIONS' TE ST QA S NPrOqSN 0 -0 » SMOt AND HREF BASEO ON .675 INCH RADIUS 

ANGLE OF ATTACH 20.000 OFG. ANGLE OF YAV 0 OEO, ANGLE OF ROLL 6 OEO." ~MOOEL LENGTH 24.000 INCHES 


TIME 

P- INF RHO-1NF T-lNF U-INF M-iNF 

G-1NF 

RE/FT RE-L V-INF 

PO 

TO 

HO 


QO BTU/ 

sto href BTU/ 

POP 

MSEC 

PSIA LBM/CU-Ft df.g r ft/sec 

PSIA 

*10-6 X10-6 

. PSIA 

OEO « 

btu/lbh 

SOFT-SEC 

SOFT SEC R 

P.SlA 

96 

•10R822 .003468 P2.Q 4705 10.43 

8.279 

7.7560 15.5120 .00247 

5263 

1662 


.02 

So,Q .OO’J*- 

-•04454. _ 

.15,22* 

too 

•10*71? .003226 04.8 4787 10.43 

7.973 

7.09*1 14.1962 .00258 

5139 

1737 

4.785C 

02 

51.9 

.00974 

.04334 

14.670 

104 

.101747 .003015 68,1 4«74 10.41 

7,722 

6.4940 12.90eO .00269 

5006 

1815 

4.960E 

02 

55.1 

.01036 

• 0 4 3?4 

14.214 

ioe 

•101911 .002832 94*0 4990 10.34 

7,630 

5.0694 11.7308 .00201 

4076 

1925 

5.220E 

02 

58.5 

.01064 

.04225 

14.052 

112 

,099690 .002612 99.7 5132 10.31 

7.416 

5.2370 10.4740 .0029/ 

4755 

2040 

5.503E 

02 

63.7 

. 0 1 141 

•04246 

13.063 

116 

.093099 .002203 106.5 5314 10.33 

6.952 

4.4301 G.8761 .00323 

4613 

2194 

5*90 IF 

02 

67.4 

.01217 

.0*073 

12.817 

120 fcOR fl «80„. 002094 liQtJtf *A25.1Q,34_ 

_6.645- 

-3.9910 ...7.9820 .Q0341 

_.4495 - 

2208„ 

6.150E 

.02 

— 7o. 

*01285— 

..0401 8 .. 

-12.256 

124 

.00*292 .001972 113.0 5476 10.34 

6.376 

3.7247 7.4495 .00353 

4356 

2331 

6.265E 

02 

7o.8 

•01330 

.039*9 

11.762 

128 

• 003636 .001914 114. i 5493 10. 3l 

6.228 

3.5888 7.1776 .00359 

4238 

2348 

6.306E 

02 

70*6 

.01352 

•03906 

11.688 

PRESSURE DATA i PPESSLHE / POP 1 



_ 

. 









__ 

. _ 


TIME 

PI P2 P3 P4 P5 

P6 

P0 P9 P10 









96 

.14050 .15«31 . 15775 .15684 .157U 

.15451 

.15250 .17870 #17129 



• » 






.... _ 100 

,14400 ,15592 .15*14 .15790 .16005 

.15659 

.15601 .18004 .17047 








■ 





104 

.14920 .15618 .16190 ,159?0 ,1607 0 

.15723 

.15423 .17076 .16978 









_loe 

♦14970 .15543 .16599 .15999 .15894 

.15500 

.15209 .17808 ,16033 









112 

.14650 .15202 .16706 .15657 .15396 

.15085 

.15099 .17626 .16562 









. _ 116 .14450 .15129 .16/37 .15479 .15135 

.14706 

• 14961, .1 7509... 1 6350 









120 

.14370 .15120 .16438 .15322 .14901 

. 14523 

.14667 .17178 .16045 









124 

,14470 ,15313 .16504 ,15441 .14959 

. 14567 

•14000 .17220 .16004 









126 

.14340 .15364 .16342 .15207 .14860 

.14393 

*14724 .17056 .15049 










MEAT "TRANSFER OaTA (H/HHEF) 


TTKE 0? <54 06 <57 OB 5l0 STi 012 0]4 0 1 6 017 018 019 Q20 021 022 

96 , 1 2942 ,10174 ,15717 .159S3 .lP95o .21963 .25050 .24306 .?79ll .30904 .27*30 .26094 .?8127 .26423 .25108 .25464 .30598 

100 .12621 .08970 .13906 ,15246 .18204 ,22840 .25366 .24790 ,?7939 .30034 ,2/ c 42 .25025 .?7o66 .25472 .24400 ,25007 .30596 

104 ,12436 .08376 , 11371 . 15297 . 18499 .21200 .24720 .24097 ,?7534 .20664 .26244 ,24306 .25568 .24238 .23614 ,24a9i .29428 

108 .12397 ,08571 ,10250 .13841 .16455 .17719 .21099 .21532 .*4955 .26769 .25^52 .22980 .24099 .23144 .2?693 ,23875 .28554 
^_lL2__ja?5B7...0fl8 82 099 1 Q._,114C2„. 134 30 ,.. 13714_.lim . 1694 2... 20938. .23531 .21 *4 L . 2 1 30 7 22264 .2 1 767— 2 1 296_- .22 70 U .276 19 
w ' 116 .12683 .08483 .08642 .097M . 1 1091 . 10540 .1303? .12517 .16250 . 19587 .18*36 * 1 7011 .20680 . 19969 , 19933 ,21 i7q .26305 

120 . *12964 .08757 .06371 .09777 .09031 .08756 . 10388 .09200 . 12889 . 16271 . 15533 . 14945 .18787 . 18319 . 1 7004 . 19257 .24547 

124 , 1 3 C 05 .08560 .00489 .07059 .07906 .07318 ,Q9o2R .07606 . 10756 . 13414 , 1 3100 . 1 3072 ,16899 . 16155 . 16275 .16951 .22503 

128_. 13437. .08716 .,00221 .07230 .06762 .06902 .06207 .07013 .09564 .11804 .12107 .11569 .1S323 , U551 . 1 4957 . 1 5362 .20514 

TIM E Q? 3 0 24 C 25 Q 2 6 0 27 0 28 029 03 £ Q 3 1 Q 3 ? Q 3 3 034 035 03? 0 39. 04 0 04 2 .. __ 

96 .?6*74 ,25560 .25353“ ,281<6 .290«o . 294 1 4 ’.29144 .27614 .?83~92 .2*9539 .29601 JOB60 : ^29l54 .29810 .?945*4 .33046 .32075 

10<j_. *26972 .2610? .25619 .?06*9 .29206 .29518 .29 0 33 .27752 .28801 .20591 .29535 .30512 *29324 .29912 .20022 .31554 .32471 

104 .25549 .25192 ,25100 .27541 .20210 .2*224 .27742 .26439 .?7<)9l .20169 .27041 .29410 .?8424 .20400 .27699 .29 q13 .31103 

_ 108 .25207 .24185 .?4?93 ,260?7 .27302 .27320 *27000 -250S5 *?6505 .?7608 .27476 .28810 .?7786 .27811 ,?&763 ,29443 .30347 

112 .24426 .23791 .23770 .26210 .?659\ .26793 .26735 .25406 .?6?53 .?6fl0l ,26938 .27747 .?7i‘34 .27454 ,25658 .29905 .31704 

11$ f2.3687._«22669_ , 23 159 . 25344 .25 9 02 2626 7^.292 30 . ,2520 0 _.?565 7 ,2594 3 _. 26 1 43, .2 7195 ..*26691 .. . 26 746 ... ?5442 .2886? ... 3 1 739 _ 

1?0 *2252 8 .21457 ,22149 .24566 .24993 .25982 .25057 .24858 .^5317 .?5lo3 .25^47 .26975 .26353 .26246 .?S105 .28421 .30979 

__ | 24 .21134 .20040 .21456 .23933 .24734 .26Q47 .25957 .25 1*5 *?5o40 -24641 .25500 .27434 .?6307 .26064 ,?5175 .28634 .31224 

126 .19924 .18764 .20473 .23191 .23923 .25024 -25664 ,24962 .*5o36 .24825 .26239 .27468 .26325 .26111 .25187 .27767 .30658 

TIME* 043 044 CS1 OS? QS3 OS4 * 

. 9$ . ,3?n5i .29763_.35357_.41073_.52<H1 -.3970 1 ! : 

100 .31629 ,29581 ,35179 .39173 .500«1 ,36856 

104 .30634 .28646 . 3498? .374?8 .46636 .34267 „ 

108 .?99?s .28722 .34769 .36330 .40763 .33431 

J12„..2P91P ,291 32 .34923 .34177 .35642 .26339 1. 

116 .28390 .20529 ,35117 .32585 ,30934 .21156 

L20 *21 85 2 7 952.., 33659 „» 294 96 ..2798a ..17003 ; : : 

124 .27730 .27365 .34493 .30301 .25761 ,16641 

120_. .27735 ,27145 .32256 ,27634 .22975 .14041 


UN 3634 NASA-SIS Ttbf 

WW.rW. 


AEOC ( AhQ ♦ IKCW ARNO L D AFS» TE NN . 37389 
VON ftaMH Aft LA$ DYNAMICS F4CILITY 

H t HtRbUN l C. ! ihV.L J UNML . £ 


TEST C^lNfl 1 I lUNb TEST (iAS N 1 fMUo fcft Q*Ot ST »Ut AND HREF BASED ON *675 INCH MAUIUS 

A*9LE Of" A t TaCn 40*200 uEG • anolE OF YA* 0 UEo. ANfcLE OF NOLL 0 UfcQ* MQUEU LENGTH 24*000 iNCHtb 

’’TT^r p* i iyP"“RhO“ ikf "T-r,>F * u-iNr H-iNr o-iNE‘’'RK/rr kw—'v-Xk r vo to mo*~ — w*’dTU/“'“$TO-:HRfeF btu/ " ho 

..MSEC HSU . COH/ct-f r CtG H FT /SEC ■?>_! Vr.O X 10.-6 .••.PSIA..-VM. ..$.OFT-SE<;„„„__SQf_T. S£C. H...HS 


'"W TO h0**‘ W 0TU/- STO'HREF BTU/ ' HoP 

.fSlA—PK .Jl..^M/XMN...S.OFT-Se<;„.„._ SQf_T„S£C . N. .HSU 


71 

•135810 *003^56 

102.0 

5?49 

10.3* 

10*206 

b «cb42 

13.7604 .00261 

6624 2115 

3.TS4£ 02 

00*0 

.00*99 

•05003 

10. ^2S 

It 

.128086 .002*22 

i I'JTT 

5^36 

10.35 

*./)5o 

5.46*8 

10.*J*5 .00292 

6364 235/ 

.6.403E 02 

*0.0 

.01090 

•04951 

^17.016 

01 

.. 12 n *03-0 02 5J7 

1 24 • p 

5743 

1-0. 1 3 

.9.0^4 . 

4 • 5h] 4 

. 9.1220 .•0031* . 

... 6095 25JJ 

.6,0*2E 02.. 

.. 97.7 . 

. *01^07. 

.. *04*02 

16.662 

* 06 

.1125/5 • U g 2 2 J 0 

Ul.o 

5*10 

10*33 

0.**oi 

3 .0*56 

7.7*12 .00345 

5032 26/6 

7.299E 02 

101.9 

.01256 

.04760 

15.520 

«L 

..101 711 • u02 0 1 8 

131.0 

5*449 

.10.40 

7. 7o 3 

, _ J • 5 5 3d 

..7,1076 ..00364 

..... 5592 ..2711 

02 ... 

. .99.2. 

•01365 

. .04570 .. 

14.231 

ill 

• O0n/ll .0umt6 

1 1H,* 

564 1 

lo.<* 1 

6.5/2 

3.55** 

7.11*7 ,00363 

46*0 2463 

6 • 644fe Q2 

79.3 

•01 3d3 

•04122 

12.130 

l?l .0 73Ho6 • JO 1 t 1 6 

Ih.i 

, 56 1 0 


5 . 8 .41 ^ c 4 / h_ 

_(L« 4_* 5 -L^.jQJ) 

*:<lO_.?**Lo.S>&V£_OZ_ 

— 73.5. 

-.01*59 

03864 

10*743 

131 

.0713*4 ,0Jlofc4 

1 12. si 

b^C* 

10.44 

5,447 

i.ieei 

0.3/63 .00385 

3962 2362 

6.J36E 02 

66.5 

•01^51 

.0365 1 

10.049 

i.36 • 0.6? 9.^5 *00.1614 .H0#g. 

PHtSSUNE DATA ( VhfcSSLhE / 

546* 
HOH ) 



..JLrHltA. 

..6^2>2?_, 0039ft. 

; 3»19 .if330.. 

.6.244E. Q2L. 

..63*6,. 

.-•01^69 

...03553 . 

... 9.602. 

TIHE 

HI H2 

P3 

P4 

PS 

H6 

H 7 

Pti P* 

P10 







1 .51*20 .bo36A 

7t .Vjjo .bl*jd 
V|“".S31do“ # S24t< 
«* .53120 .=>3200 

*r «5i'4j 
111 *5 JbbQ .bibOJ 

FFI Tsb J4 0 .VhSoV 
131 ,Sa7Ho ,5jblj 
136 *S6buu . 3J7b2 


.4/38* # <» -j S 0 b .45*30 .4oj*b ,h*J4<) .4*42c .528*8 .46704 
» ^c*h 9 .495*0 . ,4b*4i .4*300. _.4obC2 .32336 .#47420. 

*‘♦‘*672 ,4694/ ,453*9 .4/3*4 .4Oh 20 .47560 ,31o7o .4??75 

..SC2/8 ,4*b2o . 45*33 •4T722_.At>H'jg t 4757b .308Vj , 4/462. 

.3114 s # ,Su6l4 ,46/1*. .402*5 *4*jeo .**c)247 .alibb ,4/740 

_• 3 C 63 1 3_ • 4*2 ^ 7_. 4 54 b d .4 776 8 *4 0/ 20 *4/ 2 4 S *SQ n 36_*40 q yb__ 

, -JitT 32 .50*62 .** ob 2b .4*^/8 *tui20 #4«l3U #5u453 ,40394 
,5264b .5u4?b .46018, , 4*610 ..4*<U0.. #4.742 1 .,49*05 ,4.8 1*6. 
*5<8J5 .5ul*2 . 4 6 0 g 7 ,4ddJl .4/605 .4*64* *46629 


'NEAT TflAriSVEH 0 ‘aTm*"‘ Ih'y’Hiifcf J‘ 


71 

.77*67 

.6l4il 

.0= 

4*0 

~7e 

.72*4 3 

,5b6* J 

.01 

0 7b 

61 

.63^71 

,b3S*5 

.74 

u 4 0 

"fit' 

.4*1 IP 

.511 J/ 

.71 

?lb 

*1 

•3«1 73 

.Hb'MO 

• be 

?C* 


\?7 lb 1 # ' 

,2/442 

.28120 

.20b*2 


• '5^ 1 2T“. 722 06“ 

.46641 .64372 

. 4 * 7/3 .65*^8 
•4U8/2 ,63^82 


wTl 

• /2bo2 

VbVtid’ 

.60 34 1 
.0/1 32 
.c T /^4 
,tj; 7 /' 
,c JJ i / 
.6 Jg*S 

• 6 l #40 


Gib 

.7*426 

.'7blCH 

.73113 

.7*405 

• TjfcfL 0 
V7j4*J 

• 72 3^4 
.72330 
. M?cb 


.o7*2o 

.05529 

*b^Q2b 

.03346 

*0/928 

16*953“ 

*0rt?21 

.08884 

.00603 


~14 
.72834 
.69066 
.67044 
•669*0 
v bSn36_ 
^ 70 0 7 0~ 
• b9 ObO . 

•6C6J4 


U2_2 

• 82 Cbb 

• SSS*1, 


C24 02* 02b _ 02/ __ *28_ 0J1 u»32 ^33 

*S69j4 . *54059 .bHOtj .5*u*3 *30Jl4 *S3ll/ • 3b4bb*TbJ225 

• 53812 #*26*7 •bbb/'d .b/gbj .rotl* • S3 1 / 1 / • 34 79b . S2 39 3 


81 

•5^020 

• 54S tb 

•54 1 jh 

#b|5 /b 

• 5bb < J 

• b554t> 

bt 

•58213 

• Db. J 6* 

# 53522 

.*1540 

• bb2 " / 

• 5 5 2 7 4 

*1 

.5**bc 

• bft /ob 

• b 1 :^* 3 

. b 2 3 4 b 

• bbb 14 

•56^4 j 

_1U._ 

_• 6 J 1 / 5 T _ 

,5 fht. t 

• 55 J *9 

• 2.*0 1 

• 564 .hq 

job 

121 

.60431 

,b6 t hc 

• 5 1 : nbb 

. 5 1 **5* 

• 5 6 * . • 0 

•53^*2 

.m 

.6 j*rtb 

. a / uo / 

.5^508 

- 5 3 1 ^ u 

• bb4 >* 

• 5 J ibb 

13fc 

•5***6 

• 5 6 * b 1 

• 54 obb 

.511 34 

• 5 4 t * 

.6<27S 

Tlhi 

04 4 

*4 5 

CSI 

«JS> 

US 1 

liS4 

71 

.544*3 

.5ou99 

, 0 5 4 .) 2 

.62787 

, 703 /b 

,62021 

7t 

.51 3 0b 

.471*5 

,bC54 3 

.5/141 

.679-2 

,5/-b7 



...48173 

..455 3*. 

,544b? 

#b2t21 

.620 /* 

•b4-*u 

bt 

,45bdJ 

,4 J'o 7 

. 5C * 1 4 

.500^2 

.5*1)47 

,b l*d4 

...*1 

...46505 

.446 /** 

..SCO J4 

.50 lb6 

•57b 1 b 

• bU*i46_ 

111 

• 44063 

.4 JH2 j 

•45632 

• 4 * * / 0 

,bbb^^ 

.4*258 


_ ,j» 3 1 6_q_ 

„.,4 l 5 3 6 

4 h 3 0 2_ 

..•3l# r *40. 

,.t - 6 1 *j J.. 

h n 1 *j J 

131 

".4*30 33" 

, 4 1 4 5 0 

• 4*4bb6 

• 4« j»i2 

.552 Jb 

• 4 /24 3 

136 

• 4 4 * b 5 

• 4 l M 0 / 

.44*^5 

.•4*150 

,S5b-b 

..4 0 6U0. 


.6/450* 

.637/7 

•ooajb 

• be / 72 
*bdS77 

• b /96b 
.30525 
.55/80 
.♦>^592 

034 

ofcjv/' 

.5514/ 

•54400 

• 34 504 

• 3b 125 
•530 7 0.. 

• 5 h u57 
.•5Jbg9 

•52b i2 


• 65210. 

• 61 7*3 
•59J03 
.58226 
•39J22 

. 60433“ 
.6uO 70 
.39 /o* 
.59036^ 

_ U35 _ 

Tbbjoo 

•5350* 

• D 184 1 
.5142/ 
.51699 
..50081 
•48592 

• •#6840 

• 4 7*4 7 


017 

•60414. 

^58109 

•5?504 

•572*3 

jlS*5o*. 

• 60^4 7 

• 68 7b J 
•57114 
•56090 


cm 

.58226^ 

.66889 

• bt 046 

• 56546 

•5940^ 

.50769 

•57133 

.55^1^ 

.53076. 


U 3 7_ 

•56396 .6 

• 53223 . • 5 

•6l9bi .« 

• 5204 7. • b 
•329/2 .S 

• 52277. •« 

• 51270 .<1 

• 51 430 . .• 4 
•50513 .4 


0T9 

.•62l?0, 

•60023 

•59230 

.58^40 

3 

.63340 
.61366 
.61443 
. ,60.801 . 

041_ 

• 5 9 4 0 3 
.56406 
•55569 

. .5515* 

• 5 6 7 1 6 

.•-5.744 7 

• 55 39S 
. .54203 

•61947 


020 
,57949 
.5549H 
.54124 
.52865 
( ,S35 7o. 
.54640 

.63204 

.5366* 
•>330 7 

042 

.5*235 

.64161 

•51590 
•4079 O 
• 4764 3 
...457J4 
•45717 
•46700 
.40847 


g2T 

.60770 

•50573 

.07383 

•56761 

.57690 

.58055 

• 50 j / 7 

• 5b 3*5 
,54574 _ 

. _943 _ 

. 56 727 

• 53009 
•507/4 
•4*100 
•4*847 

• 4*686 
•40506 

.4*5/7 

•50520 



JN “jy.ls * M S a-5 i s* u* s r 

HC-Ud 


AEUC <A«0. 1KC.) AHNOLU AF5. T£NN. ! 


On ftAHHAN UA5 lJT»>«AftlCb FACILITY 
^YHtHSUMC^MO 1 bhOl. ILinn^ f ^ 


TEST COMO 1 1 IOnS 

" * n SU o f 7n rAr^% no 


TEST GAS nITHQGEN 


O-Ot ST-O* ANO MW£F BASED ON .675 INCH FtADlUS 
L (FOEi*. huuEl length 24.ooo inches* 


p-inf ■- mo-ikf *‘ T - i,ir**uiiMr 'M-iwr*a-iM?—Rcvr T PE-u"’"v-VNr vo*“ 

PS I A t BM/Cu - F T LEG H FI/ SEC P b l A _ __MO*6 XJL 0-$ P b | A 


“TO hO“““'UO* hTU/ $T0 HHEF‘ BTU/ *“ P 0? * 

OEO H QTu/LljM... SOFT-SEC .SQF.T..SEC M. . PSU 


74 

.162564 

• U 0 b 1 b 2 

42.o 

• bodb 

lo.oo 

14.365 

l 1 .UcHl 

22 . Obfc 2 .00210 

9440 

1939 

b.39ie 

02 

d4 » 7 

.00 79b 

.06054 

26.470 

80 

• 170^30 

• 01)42 /2 

l 0 7 . / 

8428 

10.44 

lT.b7H 

“JTTbbT 

16.7/ob .00234 

8482 

2234 

6. 149E 

02 

loo.* 

.00400 

• os^r 

28.041 

86 

) 64 772 

• 00 3 74b 

1 16. d 

5609 

„10.«*l . 

I2.ttd5 

7.1074, 

.14,2157 qo?57 

H 4H4 

2341 

.P.S70E 

02.. 

-109.4 , 

.. .00981 

.. .Ob^Qd 

2J./83 

92 

• l buoad 

• 003 48 9 

121. J 

5700 

10. JM 

12.114 

6. Jj lb 

12.6030 .0027? 

flOJO 

24 73 * 

d.787f 

02 

110*9 

.01032 

• 05 7 J / 

22.J/8 


, 15 3 7 3b 

.00318} 

127. j 

8hu9 

10. J3 

1 l.-*«0 

5.C047 

tl.clSb . QU2ft 7 

.76 0 0 

2b/0 

/, ob If; 

.02 . 

in.? 

. .OlotiS 

•ObboO 

21.202 

1 04 

• 1 44b J 7 

• y Q2do J 

1)1.4 

5901 

10.31 

I0,7b2 

4.*9?2 

4,Sd4% .00304 

7144 

26 b 2 

7 • 2 7 8 1 * 

02 

114.8 

.01144 

.054)8 

14.862 

nu 

.136? Jb 

.002442 

_l42.o_ 

ft 1 1 2 

_1Q.£0 J 0.0 JH 

4 • i bft 0 d . 3 12 0 .00332 6HL7 

^2ft36 

X*8inE 

.02 UO.*.. 

__a.Ql222. 

*.05244 

16.684 

116 

.12 704**' 

• J 32c l 1 

15(1. i 

c ?b 7 

1 0 

4.JJI 

3 . b9 0 0 

7 • 1 ft C 1 .0 0 )56 

6464 

2466 

d.ldbg 

02 

122.4 

. 0 1 308 

.05106 

17.288 

122 

.1 1 7 J 12 

• 002 li *♦ 2 

lb 0,0 

t?72 

10.27 

ft .dob 

J.J2 73. 

.b,tb46 .00371 

6134 

2963 

0.22SE 

02 . 

. 12Q.2 

.01362 

. . . 049l d 

16,02** 

lie 

.111/12 

*.oc r*t 1 

1 Ad.o 

6?J0 

1 0 . r 6 

8.22? 

3 .20 14 

6 . 4 u2 7 . 0 0370 

57«8 

^4bd 

o.lilt 

02 

lib. 2 

.01 J87 

.04764 

. 15.203 

.. l^o 

.098844 

• 90 1 7 i 1 

lb 0 

ft? 7b 

1*0 « 2d 

7 . 20 ft. 

2.7H20 

b.5d40 .Q0406 

.. . 5221. 

2947 

d.23lE 

02.. 

110*1 

. .01488. 

. .04483 

. 13.436 

146 

.091 VQ4 

• 00 I 60 f 

149. h 

‘ 6?64‘ 

10.26 

6 .800 

2.o2b9 

b,2b Id • 0 04 1 H 

4449 

2940*’ 

8.2U2E 

02 

106.0 

• 0 1 834 

•04328 

I2.b7b 


PPtSSUP ETUaT J T~pHrSSChE ~/~P 


P2' 

<blS33 
-blc 19 
_,b Jb^ft _ 
# 5 o ** a a 

.s lt’54 
‘.bl422' 
.bJu/2 

.5 J7H j 
.5 jh J / 
.Sjpec 
,5j?ol 
.SJoJl 


HA 

• 5 0 4 u to 
.493M 

• A H l ? 7 

• A 7 i S4 
•46989 
.475 lb 
.4ftj)»4 
.4**41 
.440)3 

.4M3U 

.40671 


pv 

• AbUbO . 
.470-14 
.4 5 b *. «♦_ 
~. A 4 6 J ft 
.AA55d 
.44751 
.4*U 1. 

* A *3 J 4 b 

_.4Sb^5_ 

• ‘♦bur / 

. .-44 7 7 
.45403 


F9 

• 5524 o 
^bbtJAb 

_.8a7)1 

• b 2* 7 C b 
.51663 

• b 1 a 1 1 
.bUt 1 

• b 1 42 3 

_• b l_4/_4 _ 

• b i 0 1 4 
,5uft9l 

• b 06 2 7 


HtAT TrlANSFt^ LaTa Irj/HrifF) 


~ uwr~ 


— or~ 

1.1144 

1.022b 

.944AI 

.7o*77 

.54640 

.3bi;vr 

•?Sh / | 

• ?o3* l 
.2 7b A 1 

' .22420 
.2H7i)9_ 

'72 4 Tub 

0?2 
•7bo J? 

• ft ft u / 2 

.65 1 4H 

• ft ft 0 2 3 

• ft 4 l /9 
•6)686 
•60445 

• ft 0 A 4 4 

_.5« 7 b ft 
•55)44 

• 55m4<* 
.5/114 


“ i)4 
.CH?, ft 

,t / -,bc 
.0 J«.<rb 
. S *i / j ^ 
.4**22') 
. 5u * 7 j 
. 1 38 

. 1 * .1 7 4 
. l8"42 
•Tb'iU j 


— c*- 

1 . i o 7 o 

.V4bo2 
,*4cM}6 
.b4b**h 
,79 a 12 

• 7 / b o * 

• 72 2* b 
. ftft 1 2 3 
.ft 1 A 04 
.b/C 7b 

.AS A?4 
.At jib 


1 , C? Q 3 
.9 7a a j 
. 9 j 4 5 0 

.*2140 

. 7 7 1 ft l 
. 7 a 9H 7 
• 7 J4ft2 
. 7 1 JMJ 
.6)084 
.‘jrtvij ' 


.7^17 
. 7s 130 
,7cJbO 

,/UOH 

_• c * 1 u 2. 
ieTgVS ‘ 
.bJ 143 

• 1 1 u 2 o 
, bSC40 
.' 5 4 J s 2 

.bft^bi 

”^>T} 

' ' G2t ** 

• 7 i c 1 0 

• C Jc 7 i* 


.ttAuft 0 
.7^3t2 

• 7bgS 7 

• 7 7 / 7 o 

jlZrAU- 

.74424 

• 7 o 4 < ft 
. bo 1 2c 

• bb 3c 1 
. b JO /2 
. 00b lb 
Tb21C 7 ' 

■031“ 

• o 7b2 3 

• bib A 7 


“UT3 cnr~ 

7^6b« ,7676^ 
7bGl9 ,73*^ 
7440ft ,7312b 
/o|bb .74«;o^ 
.ij ?.? 4 4 _. 73h7)5_ 
7"j^oft ,7lHfj'7' 
cs72b , ftft Abft 
brj531 .ft7ftOO 
ooftlb ,ft*00l 
°s 6 2 j* ,fte 1 24 
Obn 19 .64448 
oo2o4 ,6Afjb7 

"O32; •• C 3 3 ‘ 

obVft7 .ftbS'flft 
b 7 5 2 H .bbMAb' 


uT5 oi'b 
,72115 ,ftb/3b 
.ft^jbb .bblOl 
,7j/ 020 .ob03A 

► EftnOl .o'jhSj 
.ftAAftA .03129 

, ft 1 j 2 4 .02030 

,bOA9t3 , 02°04 
» b 7 4 2 3 .oSbbtt 
.bOjlft . b 9 J A 4 
» bb J 7 6 ,d9o7o 

► 5 3 b 7 A . d 1 1 b o 
, b J f it .b 1 ? 7 i 3 

'CJ 34 G 35 

iftftftOft *04o2o 
►02320 .30143 


»iT7“ 

.0S048 
.ft JbA4 

• ft 322 1 

• 029 1 4 

• ft 3 070. 

• ft 2 b 3 J 
. b 30bb 
•O307b 
. ft? 1 7 0 
.0)014 

.02930 

•02Bbb 


— 0T8 olT- 

,66260 .7J185 
.6405** .08702 
.06077 ,672b5 
.05033 .07^43 
.04 7?d ..Oft«7 7 
• Ot b22 .64/68 
.02022 . ft(l 7 39 
. 0 1 u9b .59077 
.6104/ ,5S22d 

.02204 .b9b/2 

.bS311 .55173 

.bdo92 .54214 


037 “ 
• Ob4b 1 
• b9 1 3b 


U20 

. ,6bA 15 
.014/1 

.b9b 7 3 

• b9 0 7 3 
_ .b7 y 2 7. 

, bfc62 7 

• b 3 7 08 
.b2b9G 
.b240l 

• b 3009 
.49109 

• 49 Qb 1 

u A 2 

• 64 H 49 


— \S2l' 

,72837 
.04521 
, b 7 4 U 1 
.bOOob 
.03412 
. DV 4 1 7 
.bftbbb 

• bbO 1 3 
.043 1 1 

• b J62 7 

. 4bb4 1 

.4 7 7 d 7 

043 

• 0d29 3 
.93704 


ft33“*l .t. 7 a lb 

. CD 140 

.01 1 A 4 

• 04 *6 1 7 • 60 fl03 • b J J 2b 

. b 7035 

• b 7 79 l 

. bb ud2 

-57234 

•5722b 

.60107 

ft?b’ 6 

•C3CC 1 

• t>U?4 l 

.o^QOft -ftUft?! • ft 4 (r 3 3 

<86320 

• 5 ft 6 4 4 

• } 4 6 ft 1 

<54 7 24 

.54700 

• b 7482 

di)c?3 .ft^ob 

• 8 £ e 0 l 

<805 1 7 

. *b 339(> .5tftft5 • 6 £ 6 0 7 

<bJ /0'3 

•54 )00 

•53553 

•53102 

•53539 

. jo 3t>5 

54 < J}3 ,8« j j ) 

- 0 j 7 1 2 

• b 7 Jf* n 

.62704 .5768b • ft li 3 7 1 

• bl /9? 

•53494 

.5 1 7 4b 

•53037 

.83711 

.8514J 

bft u 7 0 .8bi)db 

• r 0 A 4 1 

*829? J 

•^0665 <52726 .5/305 

.44110 

•50291 

• 44 7 lb 

.5O ,v 30 

• 5258 1 

.88043 

b )d**3 .}J^}-* 

•t4/o? 

< 82 1 5 c 

. b ft 7 d 4 *51453 .bbubb 

• a 7od 7 

•49Q5b 

• 4ft 304 

• AH ill 

.5 1H24 

• 8 8 4 6 A 

5 3 5 3.1 44 ... 

..•5 5t.l 0. 

• 8097 J 

• 3 i 65 ,5 1 A 4 9 ^. 5 A 4 j A 

• nb 7 34 

-.•4 7«55 . 

• 4ft 7 2** 

• A 6 A 9 ft 

^.50564 

* b64 a 3 

b?4 1 4 • 5 UbOA 

• }***. 46 

• *♦91 ? yj 

• 33539 .5u)b0 .ft**t46 

• a86 7 0 

• 4 7 1 d 1 

• Aftbou 

• 46 J 1 i 

• bOftB? 

. bbb3o 

45 / £-4 . 

• i“t -y £ ft 6 

•4b?2 J 

-5oS 7 l . .4Sft7? .A4d4l 

.42290 

•4370b 

•43/14 

•4523 l 

•5008b 

.80299 

4 P 3 M b . 4 b 4 J ft 

.*40569 

. AbQ^ 0 

•49505 .44712 .49667 

• 4 1 7 aO 

• a 3 34 1 

• 44 05 7 

• 44b 75 

.81205 

•40722 

'J 8 A 














74 

.6042? 

. 7ft 1? 1 

.69451 • ft d 1 7 7 

.62360, 

H&u 

.6028) 

• C i b -* c 

.66650 .H!3?a 

• 7 ? ■* < 0 

B6 

*55 0 l 0 

. 6 ft ft •* 7 

• ftft 9 l4 

*7 7 1^4 

.673/4 

"92 

.51 7o0 

• t8i» J 3 

.65 644 . 732 1 7 

. ft a « / o 

92 

,49615 

. 62 7o 7 

■ 6 3 t 35 

.70141 

.62 0 l l 

IOh 

, A 9 2 0 6 

. l»?A 0} 

.^324? ,6ft4')A 

. 1 1 J 17 

110 

• A7S9)_ 

.6 ) \ f: 1 

•ftwHdu .67164 

.SftftMH 

116*“ 

”*Va ftb 0 4 ~ 

,8^?U 4 

.bbA'+l .647)4 

*.55 6 32 

122 

. A Aa / » 

.5 7 .1 1 } 

.8 7 AS? .69874 

.5)614 

12o 

.AlbAl 

. 5ft ;)*» 7 

. b / 2 16 

.5 JO 6ft 

1 4 C 

. 4 ? 1 0 '* 

.5? <66 

.5 46 A 4 .6 1 / ) ft 

•Soc 74 

146 

• A? 303 

.524(8 

• b 4 6 bb • ft l A J ft 

.501 14 


27 
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JN 3637 NASA-STS TEST 

c *c-oe 


*E0C_iAR0t INC# 1 ARNOLD AFS* TENN. 3UB9 . 

VAN K ARMAN GAS OYNaMCS FACILITY 
HYPERSONIC HOTSHOT TUNNEL F 


JEJT CONDITIONS _ TEST _OAS_NtTROGCN 

ANGLE OF "ATTACK 60*200 DEO#"" “‘angle OF YAW 0 DEG, 


time 

P-TNF 

MSEC 

PS 1 A 1 

44 

• 077l?6 

*8“ 

.071253 

- - 52 

.06*558 

36 

.061206 

— - 60 

.0503*8 

64 

.056051 

68 

-*035054 

72 

.054377 

PRESSURE 04TA 

‘‘Time 

Pi 

4_4_J^R55- 

48 

.97734 

S2_ 

.971? 12 

54 

.97117 

60 

.90046 

64 

.98566 

68 

-j^75U 

72 

.96653 

XEAT 

transfer 

~rrMe 

02 

44 

.65367 

48 

.50879 

52 

43570 

56 

.♦ion 

60 

.40937 

64 

.40076 

68 .40724 

^72 

.41*82 

TIME 

~ 0?3 

44 

.55217 

48 

.56015 

5? .56050 

56 

.55769 

66 

•55*S6 

64 

.55979 

6ft, 

-•55080. 

72 

.54910 


Q* Q» ST-O t AND HREF BASED JON, .675 JNCM RADIUS 

angle of roll o oeg# hoocl length 24.ooo inches 

VINF PO TO HO 00 BTU/ 5T0 HREF BTU/ POP 

P$I A OEG R BTU/LBH SOFT-SEC SOFT SEC « PSU 


• ° 0 2 2 ° 1 9 1 • S_ 

‘.001870 99^5 

•001659 107.9 
•001400 tll.b 
•001365 in. 7 
.001336 109. S 
_• OOt32S„lQ0,.fc_ 
.001299 109.3 

( PRESSURE / 


4 09 9 1 0.27^ 

~S140 l 6# 35 
5129 10.29 
5427 10.31 
5461 10.37 
5422 10.39 
-539?JO.30_ 
5393 10.35 


5.695 4_. 5802 9.1764 

‘5.343 3.7675 7.5351* 

5.0^2 3.1930 6.3859 

4.700 2.8057 5.6114 

4.389 2.6001 5.2001 

4.237 2.5769 5,1539 

>4. 155 2 §5635 — 5.1269. 

4.076 2.4981 4.9962 


• 00316 3620 

.00351 361 8~ 

•00380 3438 

.00406 3258 

.00424 3148 

.00427 3069 

..0Q427 2991. 

.00432 2902 


J855_J5.017e.02 >8-2 

2066 5.537E02 54.6 

2221 S.936E 02 58.2 

2304 6.155E 02 59.1 

2332 6.230E 02 50.2 

2300 6.141E 02 55.9 

>2276 6*074E . 02 5**5 

2278 6.077E 02 54.0 


48.2 .01214 

54.6 .01349 

58.2 .01430 

59.1 .01528 

50.2 .01596 

55.9 .01607 

54*5 *01610- 

54.0 .01626 


j.03664_ 

.03574 

•03460 

.03353 

•03248 

.03179 

-.03138- 

.03107 


JO. 482 
9.645 
9.369 
8.669 
8.09b 
7.614 

7.662- 

7.516 


P4 ™P5 

..P5937_ a 04366. 
.88*42 .0694? 
.08809 .85406 
.88928 .86767 
,He?31 .88152 
,89321 .87595 
_.9C527_.95747_ 
.90577 . R62 1 3 

(H / HRED *’"■ 


P6 

.*06426 

,86181 

.88059 

.86541 

.84698 

.86108 

.89783 

.89270 


“04” 

.51300 

.42569 

.40737 

.38295 

.36704 

,34116 

.34948 

0?4 
.58934 
.58551 
.t.5 7 1 8? _ 
• 5SS99 
.54836 
.54463 
.53972 
.52765 


06~ 

,852.39 
,7 6 5 65 " 
.75601 
.66060 
.62058 
.62212 

.62123 


07 Q8 

jL fl l q Z4 6698j 
.81740 ,66900 
,00146 .66361 
.70810 .65920 
.77462 .65401 
.76002 .64900 

.73513 •••••- 

.71436 


C25 026 

.51167 .60316 
.50098 .59648 

• 5Ca.67__.5Rl 61_ 

• 45U1 . S67 ?9 

.48555 .56091 
.48407 .55791 
.48226 «*•** 

.47307 ***** 


027 

.63833 

.61695 

,55043 

.56047 

.55432 

.54429 

.53443 


Pf 

.00726. 

.08878 

,0e897 

.08901 

,00632 

.08619 

.08052, 

.08960 


09 

.•7S322.. 

.73460 

.71249 

.69748 

.67954 

.66382 

-.64431, 

.63315 

028 
.53422 
.54225 
-.64061 . 
.53361 
.53143 
.53100 
.52047 


P8 P9 
.04463_*9Z91i_ 

.06255 .95039 
.85692 .93578 
.06301 .96997 
.05329 .99179 
.85604 .96893 
.06534_.9O212_ 
.86695 .92265 


”010'“ 

J20.70_ 

.71991 

.71202 

.70658 

.69307 


029 

.52322 

.53353 

.t5306n_ 

.52279 

.51976 

.51726 

•51046. 

•49819 


on~ 

..J2452. 
.69501 
, 66266 
.64382 
.62622 
.60934 
-.58592, 
.56583 

031 ‘ 
•51603 
.52036 
_*5 2736_ 
.51049 
•51402 
.51348 
.50929 
.49677 


P10 
.0465i> 
.07285 
.05765 
.«2066 
.03537 
.03775 
.830 7L. 
.03305 


Ol 2“ 014 

* 68 7 0 9_. 737 9 0- 

• *80 33 .72163 

.66600 .70379 
.*6401 .60423 
.46583 *«••• 

.46455 • *«•* 

... • .... 

.o*«« ••••» 


~ ois' 

-.68924 

.66561 

.63716 

.62042 

.61205 

.60501 

..59424. 

.52289 


' 016 ' 

-_.594 2 5_ 

.59224 

.58649 

.50724 

.59509 

.50735 

-.57.920, 

.57883 


Q32 
• 55163 
.55905 
*.54876- 
.*3879 
.53522 
.•31*92 
•51378 
.49786 


033 
.54179 
.53659 
-.54535 
•54363 
•54418 
•54498 
.53736 
• •••• 


035 036 

.53976 .59631 
.50973 .55730 
_.49 0 61_.-4887L- 
.47243 .47039 
.46502 .46257 
.4633 3 .45946 
.46097 .44897 
•45208 .45086 


037 

'51876 

'50212 

>49249. 

>47925 

>47456 

.47408 

>47253 

-460*3 


019“ 

-.6i359_ 

.6 0 724 

.59337 

.60857 

.62425 

#61030 

,.6o2 5.4 

•58*24 

040 

.51693 

.48066 

..42620- 

•43614 

•4?927 

•4J991 

.42653 

•4?6o6 


042 
.57069 
• 54301 
*45329- 
.44907 
•44531 
.44172 
•45068 
*45126 


021" 022 

.*64068 ...62770 . 
.65655 .62943 
.63087 ,62536 
.6270? .61070 
.62408 .60009 
.62116 .60005 

-* 6Q6 13 — 

.50084 ***** 

043 044 

.40077 .57119 
.48546 *53606 
>*4776? >.*45541 
.46091 .45129 
.46020 .44986 
• 47)00 *44733 
.47004 .44275 
.46320 .45604 


.53106 .55240 .46563 
.5304? .51517 .45578 
.53244 .4835? ,4?3*0 
•52764 ,46726 ,40035 
_jl52 JLL9 — *-4 4.0 6} — il4jD.0.7_8_ 

.5120? .44371 ,39?61 

•51»23 .44046 .37562 
.51076 .45053 .38417 


.76449 ,75560 
.68617 .65593 
.65733 .58933 
.63514 ,56293 

j 62U2_*S55J6_ 
.589*^7 ,50140 
.50564 .48359, 
.56366 .45461 



«eoc («ro» |«c^L_*flNOtp_» f s. . tcnn . 37399 


V UN 


UN 3638 NA$4-$T$ TEST 

>P8 


VON KARNAN GAS DYNAMICS FACILITY 
.... NTPCRSOMC HOTSHOT TUNNCLF'..;. ■ • 

^ » • * * • — m *4IM> •*»*«•«* »*•* m-m * m •* m - m **tm *< 


TEST C0NQ1T I ONS T EST GAS NITR OGEN - 

ANGLE OF ATTACK 61.000 UEG. ANGLE 0> YA8 


0 OEG. 


ANGLE or ROLL 


Q-O* ST-Ot ANO HHEF SAS EQ ON .675 INCH R ADIUS 


0 OEG. 


HOOEL LENGTH 26.000 INCHES 


— rm mm 

"P-W 

‘Rho-inf * 

T-Inf 

0-INF N-tNF 

O-lNF" 

"W/H "" 

RE-l V-INF 

HO 

to 

H6'‘’ r "’’*66“0tu>'* 

"'sTO’ href *8fu/ *“ 

-pop—-- 

MSEQ„ 

...PS1A.I 

lbm/cu-ft 

OEG R 

rr/stc 

.P.SIA 

..A 10*6. ... 

... *10-6 

... ?. 51*.. 

PER R 

..BTU/lW.. SOFT-SEC 

SQFJ .SEC H . 

.PSU... 

122 

.06*312 

.001914 

86.8 

49«R 10.74 

5.1.0 

4.3284 

8.(569 .003*0 

4045 

1919 

S.182C 02 47.7 

•01285 .03457 

9.558 

146 

.03**22 

•001619 

87.8 

4095 10.69 

*.356 

3.5888 

f .1273 .00372 

3*0* 

1933 

S.I98E 02 63.9 

.01406 .03153 

8.022 


PRESSURE DATA "C PRESSURC'/ POP T*’" 

TfMC PV P3 Pi P*5 P6 P&: P* Pf0‘ 

122 #55176 i5022__.e77l .8667 *8784 .85^6 .9512 .8576 

146 1.0197 *8814 .6572 ,4494 .8*643 .8375 .9285 .8256 

HEAT "TRANSFER Data ‘ (hV'Hhef J' 


‘"TIME 02 U4 06 07 09 Q\6 oil 012 (Ji3 Oli 0Ts‘ 016 0 |f 018 fjV9 636 Q2i 

L?l^i5.77.L -f 84951^^364 A 773 78^ i e053l_ t 78369_^7765^2U69^6690l^75780^a7.a32L^X327fll^.Q986^23oT4^.SVV8L_ 

146 .39230 .42466 ,66694 ,608*4 ,74369 .64536 .70664 .69278 .64859 .57035 .56096 .60173 .64718 .69871 .63696 .66507 .51584 * 

■" TIME 0?3 0?4 025 Q2* 027 028 029 030 031 032 U 33 *034' 035 036 637 039 OVq ? '“‘ 

122. ..*67939 .62015 .56010 .6473] .56115 .50079 .04650 .5477 1 . ,58179 . .63795 .5e 184 ..580 75. .50098 .52318 .54264 .53261 .48151 

146 .59995 .52143 .50016 .54695 .46622 ,50065 .43923 .49056 .50612 .52746 .44193 .49571 .44324 .44619 .46023 .47984 .41708 

— true oti — nro — <U4 — -osi os? os3 ore ; — : : 

.„122 .59760 .57922 .51524 .51216 .52307 ,65760 .54111 * . 

146 .51978 .53681 .42063 .40794 .46262 .63249 .46271 





363q NASA-Vib reir' 

ic.-Pd... 


AgUC <AHOo INC** AHN O U) AF S . TE N N. 31 
VON AAH^mN LAS DYNAMICS tACIl IT* 

hTHMSPNAc..i?y.r>Nar . .tu»*EL. f_ „ 


T EST CONUlflOWb TEST QaS M THOO En 

A N (5l E ulT A 1 1 a c Kfc 0 V £ 0 0 otG* AnOlIToF YA* 


Q-Ot ST-Ot AND HMEF HA St Q ON .675 IN CH W AOI US _ 
ROLL 0 UtG. MOUEL LENGTH 24.000 |VicMti‘~ 


TTMf • 

■*P-IW 

•HH0-1NT 

T-I^r "U-TNF 

M* INF 

■’O-INF' 

-ptvrr ‘ 'v-iNr* 

PO*’*' 

- TO - 

HO UO* oW' 

- j T0 - 

HREF BTU/ 

POP 

MSEC 

. H .5 1 a lbm/lu-f r 

OEG H FT/Stc 


PS1A 

...iXir.6 *10-* 


OEG H 

..8TU/LHM...5UFT-SeC 



SOFT .SEC H 

. PSU 

50 

.215100 

•005111 

10 *.* 55 78 

) 0 7 

17.160 

10*1042 20.20K5 .00221 

11952 

2320 

6.4B5E 02 122.2 

.00633 .06867 

31.058 

it 

.202723 

• 0i)4h*o 

ll7.o 5 7**4 

tO. ^2 

15.**4 

6. 5*43 17.C6K6 • QU2 39 

11246 

2406 

0.877E 02 129.7 

.00*07 

.06736 

2*. 540 

**.„ 

.tl*44lo 

. * O') 3*8 7 

128. j . 5945 

la. ^3. 

15. Q/* 

. 7 - i4uB . 14.2H1 7. .,00260. 

.,.1058* 

264j . 

7.373E 02 ... 138. 4.. _ 

.00*75 

-.06578 . 

2/. 664 

6b 

.1 7h lt2 

• 0 >3336 

13*. 3 6 1 H 4 

l a . 50 

13.756 

5.7610 11.521* .0U2H8 

9*88 

2855 

T.*80E 02 14E.J 

.01060 

.06278 

25**38 

*.74 

., 163 725 

• uo3o u 0 

1**2.D 6254 

lo.M. 

12.650 

_ 5 • i 2 7.1. . .1 0 • 2 5 4 2_ .00306 

*378. 

. 2*22 

.6, 160E 02 ,.143.7 .. 

.01122 

• 06032 

.23.397 

$8 

.123*36 

. 002 7 0 l 

11 *. 0 . -HU 4 

10.63 

9 .8 J* 

5^0*53 10.1*07 .00310 

7455 

2501 

7 • 02 1 E 02 104.5 

.01173 

• 0516* 

18.11* 


Pk rs 5*JPIT~b i* 1 a / hoP"T“ 


~TTmE p[ Pi P3 P4 p£ Vi W Fa PS "p’id" 

....Sfc..,* tt 34o4_, 82*45 .HhV* ,726M .774/2 .«U 12. .63540 _.«369 3..*U65_ .81675.. 

St .c>J3*6 .613*6 .7*31 7 .77* * 9 .61204 .ej43o .640lu .*200* .H2401 

fe L_. PS . j*S_ , * j.l * 7 _ . M 35>_*I3S 1 7 3o_. 8 32 4>_.H4JIS>_. *2*62_.jB265Q_ 

6 k .«*2JJ .H c .i4b • h jc 2 1 *hij< 3 .834*7 .b55f>u .t>5*S* .*456* .64007 

J4__..***54 ,8*')/u .cuKal .HJ420 «KJoo3 .857*0 ,*564 7 ..*4o30 ,63740 

7* .8/*d5 .614/4 .7*41* # 7 7 7 o 4 .8u3l6 .82*60 .61788 .*07JS .flll9B 

"HEAT TRANSFER UATm IH/ HrtEFJ 1 


Tj 2 <75 E6 C 7 OT o9 

.9*6** ,b*bJ6 .*4606 ,68 777 .*2122 .7*64/ 
.ttd76S* .bjAVi # Sg 0 3T .H*>7«,S .Odbl3 .7bj** 
.,7333? f // 2 «:> .rt3tt3B ,h u 2?5 ,7fc6lo .7uS/7 
.62?u7 .7b 532 .76652 .750^5 .7u3**^ 

.S ob 7 (j . bbi! 7 j . / 3** r >3_, 754* /_. 7<*Sr>3 _.6*520 

• 4JCSl'".tj7'«T6 • 7 C 0 7 / .71 VS 3 . >4b 2*' . >030*' 


“~uTfl uT 5 un QT5 *15 0T5 <TT9 ; c2o oM bit u23‘~ 

» 7b3*o . 7*79a . /oq*5 ,73o«B .72047 .65*56 .63245 .65550 .69*31 ...69357 .65**5 

. 72*67 .7bot3 . 75t>H 2 .72536 .6*526 .6414* .o326j .6351B .67405 .66731 .&3418 

,664.54.., 71614 .UzU.. .6**13 .6600*,. Old*7 .60863 .6Q4Q/ .6406* ...6284 7 .5**«Q 

,66*30 .oa^Sl . 7 0 3 3 ^ .6eiSl ,62«37 .56060 .62376 .58*57 .633*2 .64183 .5*672 

..cO/IlLj 10*6^,6*54 l_.617J5_.66b34. ,6l477_.5u*42-..6323Q •««*• _.5d7o2 

,6/-*l* .67182 . 7222* .72043 .60132 .56*20 .61852 .6o2Q2 .64333 ♦•••* .38/44 


"cir 040" 


50 

.6^782 .62Hi>3 

•65*21 

.71363 

.63445 

• 6 1 u 3« 

.54220 * S* 1 5 U .03700 .55704 

.55975 .57J26 .59882 

•6q655 

•6334Q .62226 .65*76 

56 

• 66215 .5 *'*h 

.62263 


•fc?b53 

.bu/dl 

. 5 4 j 4 2 .5*556 .05208 • S 7 | 1 B 

.55*35 . 56 * 5 / .57*11 

.01015 

.6030* .62346 .62*26 

65 

.62*72 .i>7 u 7 1 

•6C544 

• 6 7S S<* 

.5*274 

• b?1i;H 3 

• 5 1 * 6 h . 56o l 5 .02^57 .54702 

.56343 .530*0 . 5 H 0 7 4 

.58045 

..57*38 .6U«6 .62067 

68 ' 

• 6226 4 #'JotlT 

• 5 '* 7 4 i» 

• 6 7 1 32 

• 3*6 .* 

•5ovu5 

. 545*7 .50245 .024 7 6 *55646 

.55*25 .52164 .55403 

•56564 

.54646 .60302 .683*8 

• 62^J1 • 56 1 5 u 

•be7o7 

.66103 

• 5 b 7 ✓ j 

.6 

. 5 Je 3 1 .bbHto .65435 .55787 

.5 7 752 . d 06 J 1 .53503 

.55038 

.5fl2J6 . .61067 .545U3 

4h 

•5*330 

.5^432 

.S9HS7 

• 5 6 7 '» H 

«»o«o 

.5o**H0 * 54 4 7 u .04382 .533H1 

•6*^27 .46568 .52001 

.53*96 

.47*63 .58164 .5337*. 

TIME" 

l^4J 0^4 

* CSI ' 

OS? -■ 

"sS3 ' 

" CJS4'" 





5U 

_• 6 3b 7 ? . c 4 2 2 4_ 

.6/467 

.60714 

Ji* r i L.0 7?_ 

.67360. 





5e“ 

• 62b 3 7 mb 1-2 10 

.63 36/ • b*fc* 1 

.686 * 1 

• 60052 





62 

. .6.02*1 . 5^2 JO 

.6174 7 

.5*8^6 

.6*451 

.63/41 




• 

bd 

.63172 ,:>s602 

. be 345 

• 5 7 jb l 

. 6 H *♦ v 0 

.614J0 





74 

.5*721 . 5 1 lie 

• bt 2*4 

• ^ 6S 20 

.6 77rS 

. 6 J J 0 

. 




9e 

.60*23 

.52953 

• 54 S')b 

.65* 78 

.bevl2 
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ftCOCLJASO* INC*>..JRnQUO afS * TCnn# J13*? 

VON MRmAN GAS DYNAMICS FACILITY 

<***> . . HYPERSONIC HOTSHOT TUNNEL F „ 

'UN 364! NASA-STS TEST 
. .-RC-S0 HOOEL 


- TCST CONDITIONS _ TfST GAS NITROGEN Q-0» ST-Ot ANO_MREF BASED ON_ .675 INCH RADIUS 


ANGLE of "a TTACK 'a”o. 

2 00 UEG 

i . 

anGlSTof Ya* 

ro&r . — 

an^le of roll 

0 

b£G.~. 

MODEL LENGTH 24. 

000 INCHES 


time 

“ P-TNP ' 

RHO-INF 

T-InF 

U-INF 

m-INF 

Q-INF 

RE/FT 

RE-L" 

V- INF^ 

' PO 

TO 

hO 


oo etu/ 

STO i 

HREF 0TU/ 

POP 

MSEC 

... PSIA lbm/cu-ft 

OEO R 

FT/SEC 

-PSIA 

_.M0-6 . 

..MO-6 


PSIA 

OEO R 

8TU/U0M 

SOFT-SEC 

SOFT SEC H 

PSIA 

00 

• 1 2927 7 

•003759 

«9. a 

5oiB 

10.62 

10.207 

0.1829 

16.3659 

.00745 

7026 

1911 

5.249fr 

02 

68.3 

.00926 

• 04904 

10*802 

06 

• 1 1 7007 

.003296 

92.7 

5125 

10.60 

9.334 

7.0965 

14.1929 

.00264 

6715 

2005 

5.473E 

02 

7q .9 

.01015 

•04841 

17,201 

92 

• 1 l??47 

•OO3O0S 

95.0 

5177 

10.65 

0.914 

6.5469 

13.0937 

.00274 . . 

6427 

2052 . 

5.5955 

02 

71.4 

.01052 

.04 722 

16,430 

90 

.107155 

•OO2H0O 

97. i 

5?29 

10.64 

8,492 

6.0381 

12.0762 

.00205 

6167 

2099 

b.699f 

02 

71.0 

.01093 

• 04604 

15.654 

no 

• 095502 

.002507 

103.6 

5390 

10.64 

7.563 

. 4.0854 

9.7708 

.00317 

V>66 

2246 

6.073E 

02 

73.5 

.01 195 

.04310 

13.951 

122 

• 005551 

.002016 

106.9 

5499 

10.67 

6.575 

4.0400 

8.0800 

.00350 

5122 

2336 

6.302F 

02 

72.5 

.0131? 

.04037 

12.132 

134 

• 075.14 1 

.001750 

i o 7 . r 

5556 

10*74 

5.025 

3.5186 

7.0371 

• 003 77 

4761 

2306.. 

6.420E 

02 

7q.3 . 

.01420 

. .03805. 

10. /50 

146 

• 065004 

.001605 

1 05. a 

5504 

10.73 

5.242 

3.252 6 

6.5053 

•00392 

4297 

2340 

6.309E 

02 

64.8 

• 01477 

.03506 

9.672 


PRESSURE DATA < PRESSURE / POP ) 


TIME 

PI R2 

* P3 

P4 

P6 

P0 

P9 PIO 






ao. 

*46 *o Q ,46083 

,42344 

.442*4 

.42307 

.41461 

.40e6rt .36637 






86 

.47060 .47506 

.43133 

.45212 

.42417 

.4079? 

.40104 .35P29 






92 

,47960 .47760 

.43719 

.45542 

.41502 

.39440 

.39103 ,34964 . _ . 






98 

.47760 .40188 

.43579 

.454*0 

.41252 

.39506 

.38622 .34469 






no 

.40760 .49253 

.44940 

.45603 

,4U<J0 

.39337 

,38271 .34175 






122 

.49900 .49911 

.45040 

.45501 

,41262 

,39149 

,3831? .3411/ 






134 

.49790 *51331 

.45041 

.459?! 

,4106b 

.39243 

.38279 .34211 






146 

•49310 .51547 

.45329 

.45303 

,41508 

.38496 

.3/664 .33054 






HEAT 

transfer Data 

(H / HHEF) 


09 * 

Q 1 0 on ■' 012" 

. 





TIME 

02 04 

06 

07 

OP 

0 1 4 

015 

016 010 G 1 9 621 

022 

023 

BO 

.81250 • B 1 5 2 3 

.72373 

,00419 

,00414 

.04113 

.80361 ,B164b ,/H537 

.81943 

, 76040 

,74717 .60029 .73544 .61979 

.64649 

.66954 

86 

.75354 .75680 

.68737 

.«7365 

. 79 7 06 

.03822 

, 7924? .79379 , 7/106 

.P 1564 

,76709 

.74610 .69146 .74188 .61&9Q 

.64)38 

.67200 

9 2 

.71*34 ,72^85 

t 6 7 ? 74 

.P69 f)6 

, 70565 

.04603 

.78300 .00465 ./H519 

.8ln33 

. 74045 

. 7 2b63 .68337 .73363 . 6 1 *5 3 7 

.63056 

,66926 

90 

.6631? .70016 

.65337 

.05757 

. 7 74 "6 

.85263 

.81291 .00552 ./6754 

.80064 

.71361 

.71809 .48108 .70550 .40/29 

.60,370 

.65792 

no 

.67591 ,65295 

,62719 

.03921 

.753^2 

. p 6 l 0 3 

.80219 .77139 .75174 

.75210 

.67*27 

.69441 .43706 .67873 .50567 

.60573 

.63151 

122 

, 4 2 ? 49 .54 747 

.61999 

.01447 

.7 30 78 

, 85520 

.71636 .76090 .71464 

.70499 

.65 321 

.6d059 .08614 .66563 ,54944 

.60571 

.63454 

134. 

.2624? ,3/691 

.52643 

.73673 

,697*5 

.00924 

.69431 .73129 .63990 

.64172 

•61 05b 

.66296 .55604 . 67 072 _ .54 823 

.55731 

.57925 . 

^ n* 

• 2 1 M 23 .19474 

.26006 

.55426 

.63/04 

,76012 

.70639 .72653 .63875 

.64509 

.61079 

,64877 .53027 .66068 ,54*593 

.57/41 

,5b 768 

TIME 

024 Q?5 

C26' 

020 

029 

030 

032 Q33 034 

ois 

036 

‘ 037 038 039 040 

041 

042 . 

eo 

•6«12P .70379 

.71374 

.64173 

.579*5 

.54736 

.64375 .60562 .50295 

• 5 7 ?45 

.57932 

.58/06 .57382 .6q372 .51442 

.61135 

.54307 

86 

.6747* ,7 q?50 

.69064 

.63934 

.57215 

.55729 

.63820 .60706 .6/366 

.6/435 

.50125 

.58374 .53375 .6066I .49/99 

• 59 1 05 

.51 157 

92 

•67*77 .64039 

•68229 

.59547 

.57550 

.54107 

.60209 .59098 .56940 

..5/413 

.5839J 

.58692 .5165/ .59/71 _• 49133 

.55110 

.50536 ... 

98 

.66*55 .65505 

. 4e 4?o 

.56516 

. 569 *,9 

.53643 

.59*20 .59468 .57106 

.5/9?0 

• 58 7 1)4 

.5/314 .49491 .54681 .47*69 

.54314 

.49946 

. 110 

.64)17 * 6 o 1 2 0 

.*6 165 

• ^ 3 0 1 0 

.40451 

.5216? 

.5/366 .550// *37185 

*55509 

.57593 

.56320 .47963 .50912 .45/66 

.53745 

• 477 15 . 

122 

.63326 .57514 

.65 767 

•5l4io 

.46957 

.50126 

■54879 .55196 .54922 

.52521 . 

.56912 

.57473 .4523/ .47802 .41*29 

.53290 

.45607 

134 

.55961 .54234 

, 65 o 74 

.40645 

.46223 

,45756 

.52950 * 5 2 1 2 .$2962. 

• 4 6 f)60 

• 56 0 7 0 

.54317 .42763 .4*346 ,42250 

.53221 

.43429 

146 

•57317 .52960 

.54068 

.4/826 

.46585 

.46583 

.50769 .51777 .52818 

.44973 

.54062 

•52561 .41002 .44055 ,400^8 

.49397 

.419 ?a 

TIME 

7343 044 *' 

C4ET 

OS 1 

QS? “ 

' * ~ 0 S 3 

" 0S4 



* - 



80 

.59173 .55910 

.65 708 

.50470 

,58710 

,62057 

.66479 






86 

,56434 , 5?54 l 

.61219 

.450*2 

,530^2 

,58?/5 

.62616 






92 

,50646 .52563 

.60099 

.4401 2 

.52290 

,56607 

.59497 






‘ 9e 

.56619 .52580 

♦ 51*250 

•431*9 

,499*7 

.54071 

.5732? 






no 

.51109 ,49429 

.52910 

,40109 

.44557 

.49291 

,52646 






122 

.49936 ,46/77 

.51062 

.3/741 

.41363 

.46712 

,47eo8 






134 

. .4/755 .43011 

.50950 

.35070 

, 30068 

.43/57 

.44052 






146 

,44125 .41337 

.43209 

.3421 1 

.35860 

.41196 

.41624 







■ 3 ^*' 


£5 . 


V— <JN 364? NASA-Sis Test 
lpc-sb mooel 


-A*JlC_.<AROt ARNOLO AFS* JENN. 3T30<? 

VON K ARMAN GAS DYNAMICS FACILITY 
HYPERSONIC HOTSHOT TUNN£L F 


TEST CON0IIIONS TEST GAS NITROGEN Q-Ot ST-O f ANO HREF BASEO ON .675 INCH RADIUS 

an(5le OF ‘attacked. ioo ueg. angle ~of yaw o q€S~* angle of roll o“oeg, model length ? 4 *.ooo Inches'”' 


TIHE 

* R-tNF * 

rho-ikt 

T-inr 

U-INF 

M-1NF 

O-INF' 

RE/FT 

RE-U "V-InF’" 

PO 

"TO 

HO ‘ 


QO 0TU/ 

$T0 HREF 0TU/ 

POP 

.sec 

PS I A lBh/CU-FT 

□EG R 

FT/SEC 


PSIA 

. *10-6 .. 

*10*6 

..PSt A 

_.OEG R 

btu/lrr 

SOFT-SEC J 

SOFT SEC R 

. PS lA 

80 

.104032 

.002483 

109.4 

5523 

10.59 

0.169 

4.003$ 

9.7071 .00316 

6042 

2346 

6.361E 

02 

81.9 

•01169 

.04530 

15.074 

86 

.099072 

.002317 

111./ 

5548 

10.53 

7.600 

4.40?6 

8.96*2 ,OO3?0 

5604 

2373 

6.420F 

02“ 

80.6 

,6 l 234 

.04390 

‘i*;i87 

90 

.087757 

.002077 

110,4 

5551 

10. *0 

6.900 

4.0645 

0.1390 .00346 

5233 

2379 

8.424E 

02 

76.4 

.01303 

•04157 

12.734 

' iio 

.077437 

•001070 

100.2 

5815 

to. 64 

6.131 

3, M30 

7.4261 .00364 

4762 

2354 

6.339F 

02 

70.6 

.01369 

•03894 

11.313 * 

122 

• 07o9q6 

•001679 

110. J 

5557 

lO-M 

5.5*0 

3.2957 

6.5914 .00385 

4367 

2393 

6.437c 

02 

70.0 

.014T1 

. .03770 . 

10,317 

134 

.061070 

.001493 

111./ 

5593 

10.61 

5.036 

2.4115 

5.6230 .00410 

3993 

2420 

6.521C 

02 

67.7 

.01563 

, .03504 

9.295 

146 

,057440 

•001361 

110.3 

5070 

10.64 

4.552 

2.6775 

. 5.3550 ,00429... 

_ 3**4 

2412 

6.466E 

02 

62.7 

.01612 

_ •03348 ... 

0.400 

152 

• 055103 

•001305 

no . j 

5530 

10.56 

4,304 

2. *502 

5.1003 .00436 

3375 

2303 

6.378C 

02 

59.7 

.01641 

•03239 

7.941 


PRESSURE OATA ( PHESSLRE ✓ POP ) 


TIHE 

' PI P2 

P3 

* P6 

P0' 

P9' 

"Pio 

* * — 

60 

.91*38 .83569 

,773m 

.79352 

.76203 

.74256 

.67294 


66 

.93139 .03102 

.77204 

,79900 

.76250 

.745-JI 

.6/549 


90 

.90967 .02727 

,75670 

.77403 

.73914 

,70819 

.65258 

* • 

no 

.92*90 ,05077 

,76147 

.78605 

.736*5 

.70**6 

.65378 


122 

.92023 .05300 

.75115 

,79998 

. 732 72 

.706*6 

.65242 


134 

.92106 ,04630 

.7*635 

.78919 

i 72665 

.69*38 

.64722 


146 _ 

.91463 ;0489l 

.74966 

,778*2 

.71549 

,6*260 

.64271 


152 

.92087 ,04052 

.75380 

.76011 

.70815 

,68674 

.63774 



heat transfer Data <h / hkefi 


TIME 

0? 

00 

• 504 7? 

86 

.57605 

98 

.53720 

110 

•537H6 

. 122 

.49=32 

134 

.48716 

I4«„ 

.49646 

152 

.49645 

W 


TIME " 

* G?3 

eo. 

• 6604 1 

86 

.63257 

98 

.60385 

ho 

• 5 7 6 4 2 

122 . 

• 5 3 P ?9 

134 

.51869 

168 . 

.50108 

152 

'•49 326 


04 06 

.79013 .71371 
,77836 .69435 
.72630 .67417 
.68461 .65379 
.61838 .62078 
.54677 .Sei66 
. ,50643. .57906 
.48149 ,57206 

Q?4 C 25 
.68614 .65278 
.65733 .63714 
.63695 .55918 
.6o837 .56240 
.57621 .533^9 
.54266 • 5 C6 1 9 
.52931 .48763 
.51863 . 4 7 i q9 


07 ' 08 

.83176 .72573 . 
. 8 1 2n 7 , 7 0 342 . 
.78342 .67522 . 
.73241 ,64116 . 
,6H0‘35 .6 1 340 . 
.63762 ,59826 . 
,61572 .58621 . 
.60733 .58000 , 

Q2 8 ‘ 029 

.65727 ,55649 , 
.63124 .53524 . 
• *0175 , 5 ? c* 5 , 
.66349 .50642 . 

.527*5 ,47626 . 
.60391 .452*1 . 
.47865 .43176 , 
.46342 .42485 • 



“"TIME 

04 4 — 

Q51~ 

— CS2 OS 3 

- 05 <, 


00 

.61*34 

.50375 

,53564 .60252 

.44 1«5 


66 

.60743 

,47483 

.5029? .563=2 

.60372 


9e 

.57467 

.43765 

.46358 ,81742 

,56405 


' no 

.53641 

.40012 

.42 169 . 4 H 3 7 4 

.49870 


122 

.50128 

,38642 

.39460 .45611 

.46240 


134 

.49120 

.36254 

.17352 ,42309 

.41371 



146 

. .46379 

.34139 

.35273 .40053 

,40029 


152 

.45462 

.33356 

.34166 .39141 

.39576 


0* ** 010 oil 012 0\3 Q 14 015 016 010 019 Q21 Q22 ’ 

74379 .02043 .76049 .7186? .66735 ,75642 .67765 .67025 .63874 .66T42 .61371 .63241 
738*2 .00695 .75236 .60942 .65874 .73249 .65473 .66422 .62107 .65323 .60842 .61822 
72040 .70363 .73290 .65639 .62342 .71066. ,61o40 .65674 ,6 q349 .54619 .56042 .60486 
70668 .76429 ,70652 .62q 6 2 .50769 .60022 ,57547 .6432b .S0766 .61/52 .5422* .50269 
68472 *••*• ,65824 ,59623 ,56?34 .65933 .53895 .63100 .54605 .63116 .49715 .65671 


67907 ••••* .62416 .56741 .53079 .62361 .50076 .61378 .$1769 .61265 .40106 .63243 

6 7 Q 22 . . . .535 79... 523 76 .57695 .48 129 _ •••••...,409 75 . .60 352 , . 4*233 .*00 10 

66823 ••*•• .50043 .51860 .51863 .56847 .47906 • *••• .48063 . 50*18 .44378 .49761 


Q30 031 033 ‘ 034 Oi5 * 036 * 037 039 C40 Q4l 042 043 


57652 .64601 .62102 .63109 .59766 .64042 .64J79 .66102 .60317 .64348 .59765 .64008 

55237 .62327 .60033 .62078 .57149 .63117 .63720 .63467 .57*09 .62109 .56340 .60233 

53105 *60020. .5911 1 * 00364 ..52906 .62239 ,61124 . 503 19 . . 52 763 .59J?4 .536/1 *55095 

5o6bo .5/169 .56132 .59?6l .50*24 .601H9 .59432 .53642 .47387 ,5*405 .50207 .'51bJ8 

48268 .54231 ,53145 .57467 .4/964 ,59370 ,57o41 .49655 .44416 .56093 .47363 ,40567 

46 M 1 .51816 .52oM . = 6223 .45267 ,50760 .53477 .45877 ,4\624 ,52137 .442^6 .45622 

41H75 .4*27i .50103 .54349 .42)40 .56 q 24 .40/29 .43471 .39074 ,5o375 .42713 .42709 . .. 

4 2Q0 1 .40064 .49^60 .53400 .41567 .54032 .46420 .42142 .39147 .49/43 .42103 .41/34 
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TEST CONDITIONS TEST CAS NITROGEN Q-Ot ST-O* ANO HREF BASED ON .675 INCH HAOtUS 


miiCk OF iTTttKTOT 

7<5T OEG 

. 

~5nG UET* oF^'tXii” 

0 DEC. 

TnSlToT 

imr 

0 

-COT. HOOCU LENGTH 24. 

000 INCHES 

* POP" ; “*’ 



NHu— I Nr ‘ 

■ T- INF" 

U-TNF M-lNF‘ Q-rNF 

Rt/FT 

RE-L 

” V’-TNF 

“'PO* * 

' TO " 

HO 

00 6 1 U/ 

SIO HREF BTU/ 

NSEC 

PStA L0H/CU-FT 

DEG R FT/SEC 

. PS 1 A 

A 10-6 

*19-6 


„PSJA. 

DEO R 

t BTU/L8M 

SOFT-SEC 

50FJ..SEC 

PS 1 A 

71 

•195266 

•005446 

9 3.5 

5 1 5 3 

10. *8 

15.594 

11.6767 

23.3533 

.00206 

1051* 

1983 

5.533c 02 

93,2 

.00791 

.06457 

20.743 

n 

.14 66? 6~To 04 d 3‘9~l 0 O'. 2 

”5 312 

l 0 .*5 

f*. >22 

9.^940 

T9T9879 

•00222 

10051 

2121 

5 .08 1 F 02 

97.6 

.00836 

•06171 

2 7.T51 

61 

• 18 *» / 1 3 

.004708 

101.9 

5320 

10.57 


9 .5750 

.19.1517 

• 00225 ... 

9582 

213S 

.5,9o3E . 02. 

... 97 . 0 ... 

..00048 

.. • 06080 

26.502 . 

66 

.165821 

.004359 

101 .8 

5314 

10.61 

13.370 

0.9001 

17.e002 

•00234 

9137 

2151' 

5.93U 02 

94.2 

.00802 

.05850 

24.658 

• 91 

.164597 

.004195 

10?. 5 

5334 

10.57 

\2.mz 

0.5078 

17,01-6 

.00239 

8724 

2157 

. 5 .9 34F 02 

... 92.6 . 

..00900 

...05723.. 

23.739 . 

101 

.146875 

. 003644 

105.J 

5405 

10.57 

1 1.400 

7.2903 

14.5806 

.00254 

7954 

2225 

6. 09?E 02 

91.0 

.00*72 

.05402 

21.176 

111 

• 1 34? 7 1 

.003356 

104. i 

5375 

10.55 

10.454 
9 .858 

6.7277 

13.4553 

.jD0?A* 

7256 

2209 

__6 « 02 7f, ..OS. 

8S.4 *01010. 

.05118 

19,20 8 .... 

1 16 

.126151 

.003174 

103.0 

5' 36 7~ 

10.57 

6,3*930 

12. / Bed 

• 0 0? 75 

693? 

2206 

6 • 0 0 7p 02 

82.5 

.01037 

.04954 

“lb. IB 1 

121 

.121938 

.003075 103.6 

5357 

10,56 

9.516 

6.1962 

12.3924 

• 00280... 

. 6696 

2201 

5.906^.02. 

... eo.6_. 

.01053 

...-04855 ... 

1 7.550 .. 

lit 

.114799 

.002034 

105.0 

"54 0 7' 

10.55 

8.935 

5.6431 

11.2862 

.00293 

6336 

2247 

6.098E 02 

80.4 

•01102 

• 047U 

16.481 


PRE5SURTT DATA C PRESSURE"/ ’ POP ‘ 1 


TTWE —PI P? PI P* P5 P5 PR P9 PIT 

71 *51015 . 4H 380 .45523 .455^5 .392*5 .40«3A .40674 .30582 .34668 

76 .515 30 .48*69' .45463 .456 33 . 39 3 3 7 .4 1 2*8 . 4 1 067' '. 39 1 0 4 * . 35.34 o' 

‘81 .49661 .47556 .431/9 .441*3 ,379?6 .40570 .40576 .38961 .J5?9l 

86 '.4949 7 .4707 1 . 43 003 . 4 30^0 . 3 79 1 3 ", 4 oS Jo .40 /27*'.390 1 4 *.35520 

_?1 .5014 4_ .4848 0 4 3 005_. 44 1 7 6 .30723 .4145$ ,409lQ .391 16 .3576? 

1 <TI 79615? .4*} 730' .4 34 28 7440 4V. 384 02 .4 1562 .4114 6 .J93C5 7356 74 
111 .51*03 .50566 .44857 .462*9 .39652 .42333 .41099 .39308 .35702 

"116 ”.51978 .51 191 .44989 .460*7 .<.0020 .42504 .41154 .39485 . 35077 

121 .51607 .50369 .44515 .45577 .30790 .42435 .40741 .39089 .35420 

"126 '*.52440 .50772 .45299 ,467 1 9 39657 . 4 29b \ 4 090? *7391 SO 3549 8 

■FT AT“nTAN5FER’ DATA rTTT^HREFl ~ 


"‘‘■‘TIME' 0? Q4 - Q6 07 G0 OIO UlT 012 QV3 Of 4 015 016 018 01<7 0?0 02T 022 '* 

71 .91P67 ,96750 .95702 ,99075 .996*5 .9993? ,92156 .94486 ,85 0 92 .92S39 ,96906 ,91916 .«3212 .79562 .90083 .74609 ,79b7? 

*76' *'.85916 ,86589 .8 /467 ,90362 ,9«4?6 * .9 5 l5o .924 35*. 8946 2 .64528 ,09 ?82 . 92 7 65 .9 1 1 89 .832*7 ,7e378 ,047 79 .74361 .78 785 

81 .83?9? ,86358 .03507 ,984i7 .953?? .91424 .92*00 .80471 ,d?97S .07^91 .00676 .91303 .02099 ,72263 .*309 7_ *75 300 . 758 37 

““ BE .8? 1 6o* 85 f28 .9 (j 36 1“ .'9034 6 .9304 o"",9 2*59* ,9201? .8831 f~. <31 94 7 .«6o59 .901 72 .90264 ~.8?o57 .78565 .83 144 ,733 73 ". 72881 

IT^ 9l .77755 .04230 .75046 .95457 ,9 ft 346 ,89779 .52066 .85132 .01135 ,04?l7 ,7/019 ,88618 .77604 ,76118 .*o'67 ,70l97 .70594 

101 .59392 .00261 .73997 .90599 .04/76 ,06254 .07098 .83130 ,/7?67 .04to6 .75954 .83936 .7278* .72489 .78562 .67404 .67151 

111 .454 1 7 , 79^12 . 72 ?6 1 .84 2*3 .04 228 ,ho 94? .818*0 . 75349 .03709 , 74540 .82040 . 731 30 .7o7Sl ,70035 .60245 .65399 

116 .41037 .79551 .720?* . 0 76 l i ' . 0 ?9 .8J399 . d52 3 3 . H05 78 . / 34 2 1 .80*59 .72616 .78810 .6**09 .60700 .77 726 .6733o .65397 

\ 2 1 .30579 .77350 .69944 .0)335 .*?3H7 .00*79 .03975 .78134 ,71035 .76353 .70716 .7*193 .69348 ,66736 .75129 ^66673 .*64370 

126 .37756 .'74759 .6/989 .01456 , 8 i 1 6 7 7 8 l 7 q *. 8 1 6q 9 .77555 . 70424 .74611 . 6 7258 ".*75159 .*'9499 .64049 .72/61 .6/377 .63952 


TTMF 

023' 

' Q?4 

C25 ‘ 

*“020 

' "030 “ 

* -1331 * 

- 032** 

----O33 034 Ul5" 

*'■ Q36 

U37 038 C 39 040 042 

' Q43 

71 

•79521 .7^002 

.80500 

• 7 1 1 ft 6 .6750? 

.«0l6? 

.76523 

.64922 .66955 . 67)34 

.69S04 

.73313 .77394 .75449 .7*586 .69743 

. 73684 

76 

V78R75 .75910 

.79459 

.71097 .650^9 

.79345 

.75793- 

.63371 .6504* • *6 ?50 

.64421 

.71952 .76875 .73798 .67525 .6362S 

.70332 

81 

.75936 .75780 

. 76554 

.69165 .63*04 

.70015 

. 75231 

.61244 *6521? .*4561 

.62039 

.71049 .75394 .7)923 .*10/7 .5908* 

•66506 

~ “8£ 

V731 9'T*;74 D 84 

.74 545'' 

. 6*144* , * ? 5 76 

.751*1 

. 75\j2l 

•600^3 .6*413 .62io7 

• 61 1^0 

. 71*26' . 751 30 • 7 0 798 ,6?bS7 . 6>e i 2 3 

•66188 

91 

, 7?4*6 .73387 

. 74 1H7 

.641*0 .82337 

,72485 

• 72044 

.58968 .65540 *60031 

.61307 

.70968 .73703 .69380 .*o97o .5*413 

.63676 

101 

.64669 .7o9o3 

• *9*?4 

.*1095 .6621 1 

.70520 

.70100 

.58)93 . 0 4 ?*9 .60001 

.60351 

.69522 • *9 l 79 ,64040 .S*29l ,5206* 

•59o4 1 

111 

•*7902 .60*67 

.60 349 

• 59 0 7 L .57514 

.65671 

,69437 

. 56fl c 7 .6390 7 .5/4*7 

.58692 

.6^412 .6*99* .61420 ,53^47 .50995 

.56514 

116 

' .67103 .69 0 66 

.6/522 

.606*0 .4*620 

.66421 

, 6 * 1 6 0 

.55021 .6352? '.b709l 

.59440 

.62238 , .***50 .59088 .S?856 .5052? 

.55058 

121 

.64791 .68326 

.64600 

•57345 .5*2*H 

.62727 

.65840 

.55045 .62460 .57?92 

.59624 

.58947 ,*4970 .5731/ .5)457 .49516 

.53*52 

126 

• 65f ?2 .68822 

.64052 

.57936 .662^5 

.62999 

.64758 

,55964 .61940 .56940 

.5S319 

.59232 .62016 .55677 .4*975 .4709 o 

.5186/ 

TIME 

04 4 

045 

CS1 ' 

052 

053 

054 






71 

.68754 .7/731 

.*4355 

.68931 ,75063 

.72931 






76 

.63/45 .74213 

.6919* 

.63700 .89275 

,68115 






01 

.6049* .69516 

.6*566 

.6139? .66/10 

,6609? 






06 

.59939 .6*587 

.65652 

.60119 .66/46 

'.6 7163' 






91 

,50207 , 6 * *; 5 5 

.54*99 

. 59fi t 6 ,6/005 

.66326 






101 

' ,54*09 .62375 

.51 198 

.66000 .63593 

.62265 






111 

.63614 .60642 

.40272 

.53916 .60441 

.59520 






116 

,*2900 .50206 

.47060 

.52001 .49H30 

.58820 






121 

.52*13 .56*49 

.46690 

.5 1 747 . 6 0 7 n 7 

.57117 






126* 

.50404 .52981 

.44 /06“ 

.49490 ,5590 i 

.53885 









JN 3fc 4 7 NASA •SIS 1 1 b'l ' 
-flC-5dNQC£L 


AEUC <4K0 « INC*) AN NUL 0 AFSt T£NN • 37 3 89 
VON NAHHAN 0 AS UfNAUCS ►aCLLITY 
HYPtRSQft 1C HOTSHOT TUnu£L £, _ _ 


TEST CONDITIONS TEST GAS NITROGEN 

“TOrLE OF A fT aC~* 0 . 000 “ufclT. ANGLE OF YA* 


0 uEu . angle of 


0*0 • ST-Of AND HREF BASED On #675 JnCH NAQlUS 
NOLL 0 OfcO. MOUEL LENGTH *4.000 INCHES 


■riNE'— F-iNr nho-ikt ' T-r«r**u-iNr m-inf- o-inf ^re/ft RE-i““’V-tNr* 

_*StC RSI A . LbH/jLu-F T CEG H/I/SEC HSI A AIg-^ XJLg-ft 


"TO HO 00 tt TU/“' 

OtO BTy/LHH...50FTrSEC. 


STO 'HHEF' 0TU/ POP ' 
SQF T SEC. H.. PSIA 


BO 

^.143395 

•004324 

86.6 

4783 

0 

• 

w 

10.66H 

9.3037 

18.6073 

^00??3_ 

6310 

1721 

4.7elE 

02 

59.9 

•0004 1_ 

05073 

lv.629 

82 

.124585 

.0U*Jl9H 

fuT Tf~ 

51^5 

1 0 • 33 

9.306 

6 .2628 

12.7256 

.00270 

59 00 

20 79“ 

i.M*r 

“02 

74.6 

.01035 

.04805 

lY.iix 

9ft 

....U*852 

_• U0 2fcd 3 

115./ 

548ft 

10.23 

0.706 

4.9554 

. 9.5109 

• 00303 . 

5515 

. 2328 

. .6.294E; 

02 

03.3 

... .01141 

..04656 

16.U6Q 

100 

.111920 

•00247/ 

Urt.w ' 

5549 

IU.?S 

0.225 

4.*5373 

9.0746 

•0031 7 

5317 

2383 

6.440E 

02 

05.0 

•01211 

• 0461 0 

15.177 

.\jUft 

...103909 

•00216* 

125.2 

5ft 34 

10.10. 

. .7 .42Q. 

J .8008 

7,eoi6 

.00341. 

... 461J 

2465 

o.6oSE 

02.. 

04.2 

.. .01300 

• 04378 

13.692 

124 

•090554 

'.00 ld09 

1 JO. 7 

5785 

10* 15 

6.529 

3^11*0 

6.2379 

.00379 

4270 

259% 

7.004E 

02 

04*9 

.01432 

.04134 

12.054 

132 


J.00l68ti_ 

129. u 

5 75 7 

UMJL 

. 6.026_^^.931H 

5,8636 

..t_0 039U 

3 9 8 H _ 

.25 73. 

_ 6 . 9 3 4 £ 

.02 

00 *5. 

— • 0 1 4 8 1_ 

_^.0395d 

__u.i25 

13o 

.079720 

. 0 u l c j 0 

127.7 

5734 

10*18 

5.776 

2.8499 

5.6959 

.00397 

•3545 

2555 

6.6/9E 

02 

77.9 

•01505 

.03068 

10.066 


"PRESSURE OaTa **T P*e'SSlR£'V ' PuF ) 


'"irnr* 

v-2 py 

P4 Ptf 

* * 

«iL 

,l3ft?4 .lj?4y 

, 15369^ ,J45lf)^l?b?o 


68 

. 1 % j y 1 . 1 4 < u 

• 1 1 0 39 . 1 **55 0 ,12740 

• 

9ft 

. .14*03 .14J50 

.15521 .13450 .120(0 

• 

100 

f 14J40 . 1*46 J 

. 156*0 . 1 3610 . 12U0 

• 

lit 

. 1 4 J fW . 1 4 J 0 2 

.15 14ft .129 10 .11530 

• 

124 

.14535 .l4«*65 

.15493 .1*800 .U6oU 


J32. 

• 1 4 5. r* ,'N5b3 

_• 1 5 <8 3__.^1 J5 -t.O 


1 3t 

. 1440 7 . Ihd 1 1 

. 15249 . 12610 . 1 1 4 •* 0 


HEAT 

TRANSF tft a 

(H / HkEF) 


T!*t 

1.2 «J4 

06 07 Ge 


60 

.?ft4 J6 *J48?. 

. 32940 .3O11?__,20 7 n 


8b 

• 1 59 J 3 .^2 7 i« 

.26647 .?92»7 .*9j»H 

# 

9t 

•12493 .13946 

.18*13 .26ft 31 ,283*0 

, 

100 

• 1 2b5 1 .l*b7j 

. 15*00 .24*01 .27^,6 

. 

116 

.1223/ .lu’^ 

• K 7 1 7 .lbft;)4 .234,-7 

# 

124 

• 11 7 rt 8 • 1 0 4 0 0 

.0^047 .13173 .20t/b 

. 

132 

• 1.178 3 , l C 4 * 29 

.08469 .11 798 .186^5 

• 

*** Po 

.1 1642 .1o*5d 

.0887? ,io94 0 .l/4jD 

« 

line 

" 02? "• ‘1?'J 

* C *4 * - 02S -*• Cic*: ‘ 

... 

00 

• ?H u? 3 • <* h 74 ^ 

• 2**9/6 .*83^2 • J06ft4 

m 

60 

• 29 1 36 *.<ro:io 7 

•2^233 .277*6 .d9bj3 

9 

9b 

_.?9? j7_. ^ 7 a 4 ^ 

25 4 *5 • ?Hfc 7 9 . 3 0 6 5 

9 

fbo 

. e. (it / *1 

• 2ra* 6 ,*<nJ*«* .)(jbj3 

• 

116 

•?H7j^ 

• 2 7 2 79 .27**2 .*95r4 

♦ 

124 

.22593 

.*8 85 7 .? 7*1 7 .?9i;>3 

• 

132 

• ?c4/4 

• 25 964 ,*^4 a 3 . 2ft:, /ft 

• 

136 

• 2 796 J . db 3/0 

•253*7 .*5911 .*84^0 

•< 

L 

a: 

F 

Z V 5 9 43 

CS1 uV? 0 Sl~ 


ec 

.314JJ .3J9HO 

.25456 .1?5M* ,32311 

. , 

60 

.28212 • 3 1 4 7 0 

. 2t 1 7 1 . 307HJ ,348^2 

. • 

9ft 

26622. a9 ; jc-» 

.24 723 .,*7635 JOc *b 

. • - 

100 

* .26.131 .2 04f> 3 

.2294ft , ? 6 H 4 4 ,29ft 1 4 

. > 

116 

•24475 ,*6o7o 

.2* 030 .*1/.<4 

# 

124 

*23452 .2ol05 

. 2C 764 ,214?« ,202- 6 

. 

332 

,...23533 .,£46 10 

• 2C507. .*0619 .19>!£.0 


1 3ft 

•22974 .*47 7d 

•2U606 .20631 .2U6£b 

• 


"orj" 

_• 3 l. c . 7 3_ 

• c ^29 
• COC 7 4 

•2*t77 

.20950 

•cU?06 

'"*31 
. jji73 

• 2 7efe9 

• i-or'cT 

• c*95 l 
.co99i 

.•2^433 

• 1 « 


’"OIT" 
„ 9 <L1V_ 
. ! e / 

• 2 The 3 

.2d42b 
.28157 
.2821 3 
.j2.7J?JL 
.27353 

*"03?" 

•309t4 

.2* /Cl 

•29823 

• ?b 7 (J 3 

• 2 7 735 
.2/2« y 
.27962 


G 1 3 

_t2S>5 3_ 
. 2*681 
•2AQh3 
.2^388 
. • 2 4 22 3 
•2*155 
.23978 
.2 M3^ 

""C34" 
•31076 
•3U845 
•29763 
.29841 
.29774 
.29]44 
.. 2 9, ,39 
•293&S 


U 1 4 

_.262b7 

.26960 

• 2bd J3 

• 2ob4 7 
.26337 
, *e 086 
,26l?5 
.25000 


"VlV 
20 3S5.: 
.27292 
..27102 
.27710 
, 2 7 Jo J 
.20046 
_.26**9tt 

.2024 l' 


036" 

.31013 

• 3o*»dO 

• 29o4 6 

. 29y9d‘ 
.2 7601 

• 2 7 0 *♦ 0 

•26014 

•26106 


qI fl’“ 

..•2426 1 _ 
.23822 
.23802 
.2017 
.24279. 
.24423 
_,23S7 
.23603 

G39’“ 
.31676 
•J1I2A 
_• J 0 / 6 3 _ 

• 301)46 
•30^39 
.30133 

• 29Q4 7 
•29129 


..24863. 

.24021 
•23946. 
.23091 
.24076 
.24004 
,24 064 
.23632 


020 

..*26 854. 
.26 737 
.26109 
.2 6S94 
.26335 
.25855 
..•25 744. 
.25887 

042 
.29024 
.27o38 
,25447 
.24672 
•23028 
. 2256 3 
.22307 
•21867 


u2V* 

..26340.. 

.25977 

•25307 

.26219 

.26671 

.26646 

,26049 

.25523 

043 

.27816 

• 2d 063 
.26975 

.26692 

•25366 

• 24856 
.24524 
•24659 





“uTfi DT9“ 


60 ? 8l7tod .85rt4j ,79595. .81398 . 77220 ,8o35 7 .83462 ,723*7 ../STje . .75423 7* 193 .68988 .78BS5 ,73272 .76070 ,760^3 .73597 
"SO **.77fJ« ,/V^b .71542 .7937* .773:8 .6*509 .7237/ .8*231 .72 448 .72985 .7u/74 .68739 .74517 .68843 . 66 366 .69333 ./2936 
\\b .5?60l .'6HdJ ,69673 ,Hq 64J .76/ J4 .683<*7. . .6* l* 1. ,0.8963 _ , 65987. .7QM4h ..,69971 .67272 ,69527 ,66185 .62-H7 .647*0 .735*3 
124 '.52617 .7340* .68517 .77680 ./53<5 .6/942 .60141 .64275 ,67 0 49 .68372 .66472 .64695 .65043 .65533 .61876 .62380 ,70888 
\Ji ,_5061-7_. /3»35 . 70123 y 77364 ./4/»2 .b8u»? ,,845 72 .64Q8 3 .673 ip .6fe94»__<64 ^33 _.029p»_ .6 jd 75_ .65256 .61321 .6166J .65973 
l36~~.5uJ/5 . 7 006^ .68634 ,7 7613 . 73121 .6 7657 .6373* .63565 .6/3U .65821 .64281 .62o20 ,63360 ,65692 .6Q9Q8 ,61313 ,66426 


•TTMf U25 U2.H" C29 Q3 0 031 *U32 U33 <W *035 C36 037 038 040 *"' 042 043 044 “ “QSl* * 

60 ,76235 -69414 .70321 ,61225 . 7 7 u ? 0 . 7 7 i 34 .7 U 3* .6684 3 . 72502 ...7 7297 .78522 .81642 , 7 3825 ., 7963 l .79032 .7*022 ,03985 

"80* '.*67 767 ,643/5 .t*U2 .591 79 - 7oOr'b .7J*2h .62^04 .64922 ,61581 ,63609 ,66215 . 71345 *64601 ,63722 . 68130 .65451 .64841 

I lfc .61873 ,62107 ,4?e42 *55344 .653*0 .67116 .59356 .620C O ,6 5306 ,5?149 .62294 .66*42 *57U8_.54273 ,59142 ,59606 *47712 

124 #59260 .58736 .65379 ,54749 .647^8 .65565 *57c9 7 .0ZJ60 .34450 .56?0/ *59826 .8J721 .54416 .51297 .55918 .57373 .45952 

132 .58439 .55421 .63876 .539*5 .64132 .64235, ,5ej05 ,632e7 .539/6 .55868 .5/9*4 .63248 .53886 .50520 *55316 .5ei26 .<033* 

‘ 136 '.58*02* *54336 .62473 -54357 .63223 .63/4* .60434 .62141 .635*4 .53884 ,56/30 .63127 *51929 ,4e972 .54090 .5/393 *.45763 


TI*f GSZ 053 * C 5 1 * 

60 __.jn64__.y589,„. 76 992 

80* • 630 id ".693*6 .6/820 

U6 .54762 ,6 3*U0 .60 730 
124 * .52701 .60 744 .58262 
132 .51511 ..68* ft .56637 

*136 .51*26 .59760 .5/ 134 


ACOC |AH()» INC • 1 AHKULO AF S * , TENN. 37309 1 


WON IVAMMAN UAS UYNA^LCb FACILITY 



HtPEH^OMC H0(5H0T Tunnel / 


3649 NASA-blS *Tc5T 



n^-Sfcj MODEL 



TEST CONCtflONS 

test gas mtwogen o-o* st-o» and hhef HASto on 

•675 INCH hauIUS 


1 

1 


ANGLE of ya* 


'TT«C"”‘P‘-lK‘F‘*'R>if)-lKP T-VNF^U-lfirH-rwPQ-I^r" 

KSl 4 UH.H/CU -F r.;C£tf .m j I/5.EC. p>Ia .. 


fltvrr 

.M.gr.o UQ-t. 


angle of roll 
"v-wr vo" 


. b c 

•160781 

. 0 11 4 J 1 0 

1 09. J 

5496 

10.54 

14.006 

8.45S4 

16,9109 .00239 

9499 

2203 

o.JOlfe 

02 

106.0 

•00900 

•060H6 

69 

.1598 79 

• ou J564 

11 /.*“ 

5684 

10.93 

12.414 

0 . 7357 

13.4/15 .0026/ 

8681 

" 2440 

0./39E 

02 

111.1 

•01016 

.05026 

9 ; 

_^T5hJ55 

•0033/6 

120.9 

.573?. 

10*^6 

ll .90J 

6 . * 345 

L2.4O90 .00276 

6204 

2495 

O.05RE 

02 

..111.7 

.-•01046 

.. 05/lb 

. 101 

.148/72 

• uu JUk9 

128.0 

5922 

10.41 

l l .20-) 

5.26H8 

11.13/6 .00291 

7751 

25/7 

/ . O70E 

02 

113.3 

.01097 

• 055h2 

..104 

1 4 14.0 

•00*0/7 

1*0.4 

5*06 

1 0.**2 

10. 740 

5.1391 

10. 2 702 .00303 

750S 

2633 

7.233E 

02. 

113*0 

...01140 . 

..05439 

110 

• 1 34 JBQ 

• 0 02 0 * 1 

1 33.9 

59« / 

1 0.-<8 

10. 1J2 

4.5662 

9.1324 .00320 

7090 

2724 

' 7.4071 

02 

115.8 

.01199 

.05299 

116 

* l ? ** ** tl J 

• 0 0* J 6 7 

_14JaX_ 

_6121 

10_. *2, 

9 .364 

J.90S3 

^ 7 t 9 7 0 6 .00341 

66b8 

2045 

,/.829 t 

02 

118.0 

_..01254_ 

.05119 

flfc 

" .ilsdVj' 

‘7 u 0*152 

4 3 ,D 

6 194“ 

1 U .* 1 0 " 

'b.902~ 

3.56 / L’ 

/.iJ54 .00359 

629 1 

2913 

8.0*0fc 

02 

117.7 

.01321 

.04950 

12S 

.11703/ 

• 00*080 

146.3 

fc?06 

10.*8 

0 .66J 

3.4422 

6.0845 .00365 

6109 

2925 

8.050E 

02 

116.7 

.01342 

..04091 

lie 

• 1 1 4 uo2 

• 00204 2 

145.9 * 

**61 GH 

1 0 . *b 

"0.432 

*3.3/44 

” 6.740 / .00369* 

5935 

2913 

0.OOSE 

02 

114.2 

.01356 

.04814 


• MODEL LENGTH <24.000 INCHta 

“TO hO ftO'tfTU/ sTO' HHEF 0TU/’* po? 

.OEG H..>rg/LdH...50FT-SeC SQTT..SEC M...HSM . 

_2203 oJOlf 02 106^0 • 0j).'*00 .06086 2*«?5S 

’“2448 0. /39£ 02 i~ii. I .01016 .051*26' 22.V22 

2495 o.BbRE 02 .. 111.7 ...01046 .,0571b 22.U90 

25/7 7.O70E 02 113.3 » 0 1 OS 7 .055h* 20.651 

2633 7,*33E 02 1 1 J «H ,01l4Q ..05439 19.856 

2724 ' 7,-*b7t 02 115.6 .01199 .05299 10.722 

2045 7.829 1 02 _U8.0 _.0l254_ .051 IS _ l/.bdO 

2S13 ~€)Io*Ot 02 117 . 7 .01321 .04950 lb .460 

2S25 6.050E 02 116.7 .01342 .04891 16.017 

2S1J 6.00SE 02 114.2 .01356 .04814 15.589 


’P RtS50HE~'C A Tfl —r KhtSStRE 7* POP T* 


>04 


.901* 

. / d 4 3 

, 7963 

.79^6 

. / 367 

. 7o0? 

.7177 

.6534 

no 

1 • 0249 

.42 JO 

.0061 

.0160 

.0135 

. /567 

.7/21 

. /2S4 

. 6h5 2 

...Ut. 

1.0120 

.91 18 

. /494 

.0117 

.81 2/ 

. 7507 

. 7 727 

.72es 

• o603 

122 

1.0029 

.90/3 

,0 025 

.HI 70 

.81 49 

• 7594 

.7/25 

. 7260 

.6600 

... U5 

1 .01 3d 

.90 J* 

. / S 44 

. ,0132 

• 8.0/2.. 

. 75b 7 

• 7 obb 

, kU \<. 

..•0561 

12d 

l .Of'24 * 

*>>0 34 

,/sei 

,8lQ0 

.0OH4 

. /bob 

• /0U6 

.7179 

.0529 


FEAT "TWANSFt R“*UA'T ff rR~7"HrttFl*" 


12 G4’ 

.799-43 ,87 059 

”.6*65 36 ’,76119 0 
__.6 07 1 3_ ,77ub 1_ 
. 54 7/7 J'^Ti 
,..52**61 .72 3 |b 
.49 j 4 4 . "/ j 6 / 9 

.4 7<»<< 7 ;6 7H in 
* 4 7 M 7 9 .659 / i 
. 4 7 351 f 04 9Jh 4 

.4/7*33 . 645 tT 


C7" 

.HH042 
•%9U92 
_,MS194 
.H2'4P9 
.0 i t 64 

.78*03 
, 7ou20 
.73697 
,7305 
.72277 


* 'UV 
,8H j*7 
.H6‘»29 
,H4h_7 0 
.04 j J5 
,83/2*4 
.62/66 
,83222 
,c 1 022 

. d 1 6 ft 6 


'"uro ■' 

.64613 
,7 000 

, 6 9 i *♦ 5 
,60442 
,bo.)09 

« 6 3 2 B IJ 

„b*JAX 

.61545 


"*UI7" 

./t>J46 

• / 1 L 0 7 

• 6 S5iA- 

".6 39 2 l 
..6 4 j27 
,c *e 3 0 

.5S (j b4 

.3/07/' 

j* L'aX. 

• b /*do 


”1113" 
.722/5 
.71 053' 

^67J_4_L 

.65429 
,04/22 
. 6294 U 
,6SH4 7 

.5781 1 
.56592 


■ M 'Gr« c 1 5 ’ ‘ 

./4fl38 .71375 
• /B329 .70648 
j_/ 46 6 \_ t 65 7 4U 
• / 2 3 4~0 .64 1*7 f 
. / 0592 ,62466 
,67142 .60942 
.9/913 ...5*321 
.658/9 ,56748 
-tJl4911_ # 5«073, 
.63321 .53769 


' *‘U 1 7 

.75368 

.70695' 

,6d421 
.66084 
.65 12d 
.625/6 
,6013d 
,56B4S 
• 55.712.. 
•5510b 


"Olff* 
.74236 
,67/j9 
,65265 
. o 2/9 J 
,62450 
. o 1 0 Jo 
,6do54 
.b7oo 7 
.5/633 
,5/6/8 


* 019 **" 
.67755 
.67/92 
.65379 
.62972 
.62229 
.60311 
.57552 
.56392 

, 564 65_ 

• 55.82 0 


"&20" 
.76800 
.73635 
.70088, 
.6bB9 / 
.66334 
.64 /b 6 
.61597 
.59 772 
• 5 9 0 4 X 
.57/60 


'" 0*21 " 

,68930 

.66007 

.62069 

.5928 3 

.59033 

.57828 

.55031 

.54604 

.54200_ 

.53023 


*022" 

.70044 

.66520 

.63922 

.57494 

.5/948 

.56742 

.54646 

.53945 

.53561 

.54392 


*023 
. /06J3 
.6/8/5 
.65329 
.00201 
,00049 
,00944' 
,06176 
•5523b 
.3590/ 
,5623b 


• **U25 

• 67U 1 

.634*0 
_• 6 34** 6 
. 5 fi 1 d 7 
.5 7 I / 1 
.00^6/ 
.55333 

• b j 7 9 j 
.544*0 
.53516 


"* Ujj" 

.62628 

• c Uu2 1 

bVc'29 

•54O01 

• t*. /52 
.5 -.9 ft 
.0413^ 

•3J931 

.54*62 


M24 

.65^0^9 

'.66173 

^.6523^ 

.60958 

.614*3 

• 6 0 776 

• 569cr) 
.56315 
.5690 3 
.57120 


045 
.69174 
.66556 
65 0 c 5 
• 6 4 0 0 6 
.63441 
'.62842 

.614*7 
. 60842 
•596 W 
.589/3' 


*** CS2 
.61974 
.5/2^5 
.564/2 
”.6b3J4' 
.55059 
,*i*77 
.6*306 
,499/4 
.49354 
” . 4 tf 6 1 5 


U29 

.655 3.7 
•64670 

• b 34 8 d 

~Vb * J 7 5~ 

.61573 

. 6 0 9 4 b 

• 6 0 1 ? 7 
.59160 
.56943 
.58769 

** US3 
.6S349 
.6 30? 7 
...61261, 

• 1 0 ij w 3 
.59684 

• S B J 9 0 
.5658b 
.55090 

• 5b6 j * 
"*• 5 "* 4 | 4 


Oil 

.67390 

• 6 9 c * O 

• b 9 C 4 3 
*,8 8*/ -. 5 

• 6/633 
.6 7 l .» / 
.6663? 
. 658** 0 
.65047 
« 6 4 *?’5 


U32 

•668*7 

. 0 7 3*2 

• 6 69 j* 
. 6 5 / f \ 
.65195 
.63063 

.6 1/04 

• 6 0900 
.61411 
.fc 1849 


034 

.0*949 . 
• 6 2 0 2 8 

• 6i j cL 
. 6843 0 

• d79 1 4 
•5/8/6 

• 05h6 0 
.554*9* 
.54909 
.54453 


U 36 

.*6/l3A 
.61539 
,..60 0 09. 
' ^50 ?b6 
•59 102 
•56920 

• 57 l J7 
.54769 

• 54 ?4 0 
.54663 


U37 

•6/fcb3 

•66945 

_.6o8b2_ 

.00481 

.59971 

.60190 

.5/504 

.5/659 

.50942 

.5/103 


Gja 

. 70519 
•06094 
• 06650 
.06^42 

. 652 JJ 

.64392 

.6365/ 
.6284 J 
. 6 l Dbb 
.61071 


039 
•75133 
.73708 
. 7 2696 
.70644 
.69456 

• 67507. 
•64922 

•63071 

• 62046 
•62031 


040 

•65214 

• 59521 

. 5.57^33 
.56490 

• 66127 
.54958 
.53849 
.52979 
•61133 
.51066 


041 

.69733 
.60645 
.6798 / 
.67124 
.66604 
.65993 
.65129 
• 64 766 
.63920 
.63448 


043 

.64574 

•61623 

.59357 

.57442 

.56894 

.55614 

.54100 

.5306/ 

.52034 

.51707 


044 

•62317 

•66113 

* 64 99 3 
•84233 
.54699 

• 55 l l 7 
. o533b 
.33657 
•53332 
.52462 


g'SV 
. 76564 
, 60836 
,6 74*6 

,665c i " 
.65 l -.3 
.61 / - 1 
.5 79 u 1 
.549 14 
• 54 1 .i5__ 

.53 hi 


39 sv- 



APPENDIX II 


SELECTED WINDWARD SURFACE CENTERLINE PLOTS 
OF GAGE MEASUREMENT RESULTS 


40 



REDC (PRO? INCd) RRNOLD RFS? TENN„ 37389 VKF - TUNNEL F 






















REDC (RRO? INCo) ARNOLD RFSs> TENN. 37389 VKF - TUNNEL F 



25 xio 


























flEDC (ARO? INCo) ARNOLD AFS? TENN» 37389 VKF - TUNNEL F 




















flEDC (PRO? INCo) ARNOLD AFS* TENN. 37389 VKF - TUNNEL F 



1.0 

























REDC (RROj> INCo) ARNOLD RFS* TENN. 37389 VKF - TUNNEL F 



■ 0'.2 ! 0i3 ! 0*1 ! 0.5 0.6 1 0.7 . j 0.8 j 0.9 

























AEDC (PRO* INCd) ARNOLD AFS* TENN» 37389 VKF - TUNNEL F 



0.4 i 0.5 ! 0.6 > 0 . 7 . 0.6 . 1 0.9 













REDC (ARO? INC.) ARNOLD AFS? TENN. 37389 



Q 

O t a 

31 CD CC 


>- I CO 
' LU (_) CO 
-J CD UJ 
. CD — ICC 



RUN NO. 3634 ! 














REDC (RRO? INCo) ARNOLD RFS? TENN. 37389 VKF - TUNNEL F 



rrrr 














54 






































28 ;X10 






























APPENDIX III 

SELECTED PLOTS OF HEAT-TRANSFER RESULTS 
USING THE PHOSPHOR PAINT TECHNIQUE 


59 



'ote: These contours and model geometry are shown in the camera view 















note. ihese contours and model geometry are shown in the camera view 





Paint Data Fairing 
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aiibration sensitivity is the uncertainty in the fairing of the paint data 


